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ABSTRACT 

T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  a  r e g i o n a l  s t u d y  o f  

t h e r m a l  a n d  n o n - t h e r m a l  g r o u n d  w a t e r  f l o w  s y s t e m s  I n  t h e  

t h r u s t  z o n e  o f  s o u t h e r n  I d a h o  a n d  w e s t e r n  W y o m i n g .  T h e  

s t u d y  I n v o l v e d  h y d r o g e o l o g l c  a n d  h y d r o c h e m  I  c a  I  d a t a  

c o l l e c t i o n  a n d  i n t e r p r e t a t i o n .  P a r t i c u l a r  e m p h a s i s  w a s  

p l a c e d  o n  a n a l y z i n g  t h e  r o l e  t h a t  t h r u s t  z o n e s  p l a y  I n  

c o n t r o l l i n g  t h e  m o v e m e n t  o f  t h e r m a l  a n d  n o n - t h e r m a l  f l u i d s .  

The geology of the area is complex; thrust faulting, 

n o r m a l  f a u l t i n g  a n d  t e a r  f a u l t i n g  a r e  a l l  I m p o r t a n t  I n  

controlling water movement through the thick sequence of 

m o s t l y  s e d i m e n t a r y  s t r a t a .  T h e  t h r u s t  f a u l t s  a r e  n o t  

b e l i e v e d  t o  c r e a t e  z o n e s  o f  e i t h e r  s i g n i f i c a n t l y  h i g h e r  o r  

l o w e r  h y d r a u l i c  c o n d u c t i v i t y .  T h e  m o s t  I m p o r t a n t  h y d r o l o g i c  

Impact of thrust faulting Is probably the alteration of the 

n o r m a l  s t r a t I  g r a p h  I  c  s e q u e n c e  o f  f o r m a t i o n s .  T h r u s t  z o n e s  

a r e  I d e n t i f i e d  I n  d e e p  d r i l l i n g  l o g s  p r i m a r i l y  b y  a  r e p e a t  

o f  s e c t i o n .  

The total discharge of thermal waters within the study 

area Is quite small. Discharge of 30°C or more amount to 

a p p r o x i m a t e l y  5 0 0  l / s .  M o s t  t h e r m a l  a n d  n o n - t h e r m a l  

d i s c h a r g e s  a r e  c o n t r o l l e d  b y  s t r u c t u r a l  f e a t u r e s  w i t h  

s e c o n d a r y  c o n t r o l  b y  s t r a t i g r a p h y .  G r a b e n  b o u n d i n g  f a u l t s  

a r e  m o s t  I m p o r t a n t  I n  c o n t r o l l i n g  t h e r m a l  f l o w  s y s t e m s .  

i  



G r a p h i c  a n d  s + a + i s + l c a l  a n a l y s e s  o f  t h e  m a j o r - I o n  d a t a  

e n a b l e d  t h e  d e l i n e a t i o n  o f  s e v e r a l  s t a t i s t i c a l  d i s t i n c t  

. w a t e r  t y p e s  w h i c h  a r e  a s s o c i a t e d  w i t h  g e o g r a p h i c a l l y  

d i s t i n c t  a r e a s .  T h e s e  a r e :  ( a )  s o d i u m  c h l o r i d e  w a t e r s  o f  

t h e  S w a n  V a l l e y  t o  S t a r  V a l l e y  g r a b e n ,  ( b )  c a l c i u m  

b i c a r b o n a t e  w a t e r s ,  o f  t h e  M e a d e  P e a k  t h r u s t  b l o c k  a n d  

a d j a c e n t  a r e a s ,  ( c )  s o d i u m  c h l o r i d e  w a t e r s  o f  t h e  M a p l e  

Grove area, (d) high sod I urn chloride waters of the Basin and 

R a n g e  p r o v i n c e ,  a n d  ( e )  l o w  T D S  w a t e r s  f r o m  v a r i o u s  l o c a l e s  

t h r o u g h o u t "  t h e  s t u d y  a r e a .  

D e u t e r i u m  a n d  o x y g e n - 1 8  r e s u l t s  i n d i c a t e  t h a t ,  w i t h  t h e  

e x c e p t i o n  o f  s i t e s  S  —  1 3  a n d  S — 1 4 ,  a q u i f e r  t e m p e r a t u r e s  a r e  

n o t  s i g n i f i c a n t l y  a b o v e  8 0 ° C  I n  t h e  s t u d y  a r e a ;  a l s o ,  t h a t  

d i f f e r e n c e s  i n  r e c h a r g e  e l e v a t i o n  a r e  n o t  a p p a r e n t .  

C a r b o n  i s o t o p e  a n a l y s e s  I n d i c a t e  t h a t  t h e  t h e r m a l  w a t e r s  

o f  t h e  s t u d y  a r e a  w h i c h  w e r e  a n a l y z e d  f o r  h a v e  u n d e r g o n e  

c o n t a c t  t i m e s  I n  e x c e s s  o f  2 5 , 0 0 0  y e a r s  B . P .  f o r  t h o s e  

springs whose temperatures are greater than 25°C. The 

e x t r e m e l y  l o w  c o n c e n t r a t i o n s  o f  m o d e r n  c a r b o n  I n  t h e  t h e r m a l  

w a t e r s  a b o v e  2 5 ° C  I n d i c a t e  t h a t  e s s e n t i a l l y  n o  m i x i n g  o f  

w a t e r s  y o u n g e r  t h a n  s e v e r a l  t h o u s a n d  y e a r s  h a s  o c c u r r e d .  
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CHAPTER I 

I N T R O D U C T I O N  

i±al£lD£Ja± £i ±ke Prob I em 

T h e  t h r u s t  z o n e  o f  s o u t h e a s t e r n  I d a h o  a n d  w e s t e r n  

W y o m i n g  h a s  p o t e n t i a l  f o r  g e o t h e r m a l  d e v e l o p m e n t  t o  

c o m p l i m e n t  o i l  a n d  g a s  a n d  p h o s p h a t e  r e s o u r c e s .  E v i d e n c e  o f  

t h e  g e o t h e r m a l  r e s o u r c e  I n c l u d e s  w a r m  s p r i n g s ,  w a r m  w a t e r  

f r o m  s h a l l o w  w e l l s  a n d  r e p o r t s  o f  h o t  w a t e r  a t  d e p t h  I n  o i l  

a n d  g a s  t e s t  h o l e s .  T h e  g e o l o g y  o f  t h e  a r e a  I s  c o m p l e x ;  

t h r u s t  f a u l t i n g ,  n o r m a l  f a u l t i n g  a n d  t e a r  f a u l t i n g  a r e  

I m p o r t a n t  I n  c o n t r o l l i n g  w a t e r  m o v e m e n t  t h r o u g h  t h e  t h i c k  

s e q u e n c e  o f  m o s t l y  s e d i m e n t a r y  s t r a t a .  T h i s  r e p o r t  p r e s e n t s  

t h e  r e s u l t s  o f  a  r e g i o n a l  s t u d y  o f  g e o t h e r m a l  s y s t e m s  I n  t h e  

t h r u s t  z o n e  o f  I d a h o  a n d  W y o m i n g  ( F i g u r e  1 - 1 ) .  T h e  s t u d y  

I n v o l v e d  a n a l y s i s  o f  t h e r m a l  a n d  n o n - t h e r m a l  g r o u n d  w a t e r  

f l o w  s y s t e m s  b a s e d  u p o n  h y d r o g e o I o g I c  a n d  h y d r o c h e m I c a  I  d a t a  

c o l l e c t i o n  a n d  I n t e r p r e t a t i o n .  P a r t i c u l a r  e m p h a s i s  w a s  

p l a c e d  o n  a n a l y z i n g  t h e  r o l e  t h a t  t h e  t h r u s t  z o n e s  p l a y  I n  

c o n t r o l l i n g  t h e  m o v e m e n t  o f  t h e r m a l  a n d  n o n - t h e r m a l  f l u i d s .  

£jiiLDflj5£ find Qb Jesl-Lns-S 

The purpose of this research Is to util ize the sciences 

of hydrogeo I ogy, hydrochem I stry and structural geology to 

e v a l u a t e  t h e  g e o t h e r m a l  s y s t e m  b e l i e v e d  p r e s e n t  I n  t h e  

t h r u s t  b e l t  o f  s o u t h e a s t e r n  I d a h o .  T h e  g e n e r a l  o b j e c t i v e  o f  

1 



AREA DISCUSSED IN CHAPTER VII 

REGIONAL GEOCHEMISTRY 

AREA SAMPLED BY THE THRUST 

GEOTHERMAL PROJECT 

Figure 1-1. Data sources and subareas. 



t h i s  p r o j e c t  I s  t o  p r o v i d e  a  r e c o n n a i s s a n c e  e v a l u a t i o n  o f  

the hydrogeoIogIc controls for the occurrence and movement 

o f  t h e r m a l  g r o u n d  w a t e r  i n  t h e  t h r u s t  b e l t  o f  s o u t h e a s t e r n  

I d a h o .  

The specific objectives are given below: 

1 .  I d e n t i f y  t h e  s t r u c t u r a l  f r a m e w o r k  o f  t h e  t h r u s t  b e l t  a n d  

t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  t h r u s t  z o n e s .  

2 .  I n v e n t o r y  a n d  a n a l y z e  t h e  t h e r m a l  a n d  n o n - t h e r m a l  g r o u n d  

w a t e r  d i s c h a r g e s  c o n t r o l l e d  b y  t h r u s t  r e l a t e d  s t r u c t u r a l  

f e a t u r e s .  

3 .  A n a l y z e  t h e  a v a i l a b l e  t h e r m a l  a n d  l l t h o l o g l c  d a t a  f r o m  

d e e p  t e s t  h o l e s  d r i l l e d  I n  t h e  t h r u s t  b e l t  I n  

s o u t h e a s t e r n  I d a h o  a n d  w e s t e r n  W y o m i n g .  

4 .  C o m b i n e  t h e  a b o v e  r e s u l t s  i n t o  a  r e c o n n a i s s a n c e  

e v a l u a t i o n  o f  t h e  h y d r o g e o I o g  I  c  c o n t r o l s  f o r  t h e  

g e o t h e r m a l  s y s t e m  u n d e r l y i n g  t h e  g e n e r a l  t h r u s t  z o n e .  

Method s t u d y  

T h i s  r e s e a r c h  p r o j e c t  w a s  u n d e r t a k e n  b y  t h e  C o l l e g e  o f  

M i n e s  a n d  E a r t h  R e s o u r c e s  a t  t h e  U n i v e r s i t y  o f  I d a h o  I n  

connection with the graduate program In hydrology. The 

p r o j e c t  w a s  d i v i d e d  I n t o  s u b p r o j e c t s  f o r m i n g  t h e  M a s t e r ' s  

r e s e a r c h  t o p i c s  f o r  f o u r  M .  S .  s t u d e n t s  I n  h y d r o l o g y .  I n  

a d d i t i o n ,  o n e  P h .  D .  s t u d e n t  I n  g e o l o g y  w o r k e d  p a r t i a l l y  

o n  t h i s  p r o j e c t  a n d  p a r t i a l l y  o n  a  p r o j e c t  f u n d e d  t h r o u g h  



t h e  I d a h o  M i n i n g  a n d  M i n e r a l s  R e s o u r c e s  R e s e a r c h  I n s t i t u t e .  

A l l  o f  t h e  s t u d e n t s  w e r e  u n d e r  t h e  d i r e c t  s u p e r v i s i o n  o f  D r .  

D a l e  R a l s t o n ,  P r o f e s s o r  o f  H y d r o g e o l o g y  a t  t h e  U n i v e r s i t y  o f  

I d a h o .  A  s u m m a r y  o f  t h e  r e s u l t s  o f  t h e  i n d i v i d u a l  

s u b p r o j e c t s  a r e  p r e s e n t e d  a s  c h a p t e r s  w i t h i n  t h i s  r e p o r t .  

T h r e e  o f  t h e  s u b p r o j e c t s  i n v o l v e d  r e g i o n a l  

r e c o n n a i s s a n c e  s t u d i e s  o f  t h e r m a l  a n d  n o n - t h e r m a l  f l o w  

s y s t e m s  w i t h i n  t h r e e  p o r t i o n s  o f  t h e  t h r u s t  a r e a  I n  I d a h o  

a n d  W y o m i n g  ( F i g u r e  1 - 1 ) .  F i e l d  w o r k  f o r  t h e s e  s u b p r o j e c t s  

I n v o l v e d  l o c a t i o n ,  m e a s u r e m e n t ,  a n d  s a m p l i n g  o f  g r o u n d  w a t e r  

d i s c h a r g e s  t h a t  a p p e a r e d  t o  b e  c o n t r o l l e d  b y  s t r u c t u r a l  

f e a t u r e s .  P a r t i c u l a r  e m p h a s i s  w a s  p l a c e d  o n  s t r u c t u r a l  

f e a t u r e s  a s s o c i a t e d  w i t h  t h e  t h r u s t  z o n e s .  W a t e r  s a m p l e s  

w e r e  c o l  l e c t e d  f o l  l o w i n g  E P A  p r o c e d u r e s  a n d  a n a l y z e d  f o r  

s e l e c t e d  c h e m i c a l  c o n s t i t u e n t s .  S u m m a r i e s  o f  t h e  r e s u l t s  

f r o m  t h e s e  i n v e s t i g a t i o n s  a r e  r e p o r t e d  i n  c h a p t e r s  I I I ,  I V ,  

a n d  V  f o r  t h e  n o r t h e r n ,  M e a d e  T h r u s t  a n d  s o u t h e r n  s u b a r e a s .  

T h e  t h e s e s  a r e  b y  H u b b e l l  ( 1 9 8 1 ) ,  M a y o  ( 1 9 8 2 ) ,  a n d  B a g l i o  

( 1 9 8 3 ) .  A  s t u d e n t  I n  g e o l o g y  I n v e s t i g a t e d  t h e  p h y s i c a l  

c h a r a c t e r I s t I c s  o f  t h e  t h r u s t  z o n e s  a s s o c i a t e d  w i t h  t h e  

Meade thrust block. Emphasis was placed on analysis of the 

d e g r e e  a n d  f o r m  o f  f r a c t u r i n g  a s s o c i a t e d  w i t h  t h e  t h r u s t i n g  

a c t i v i t y .  T h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  i n c l u d e d  i n  

c h a p t e r  I I .  O n e  M .  S .  s t u d e n t  e x a m i n e d  t h e  c h e m i s t r y  o f  

g e o t h e r m a l  f l o w  s y s t e m s  o n  a  r e g i o n a l  b a s i s  r o u g h l y  b o u n d e d  

b y  R a f t  R i v e r  o n  t h e  e a s t ,  n o r t h e r n  U t a h  o n  t h e  s o u t h .  



w e s t e r n  W y o m i n g  o n  t h e  e a s t  a n d  t h e  I s l a n d  P a r k  K G R A  o n  t h e  

n o r t h .  H i s  a n a l y s i s  I n c l u d e d  d a t a  c o l l e c t e d  b y  t h e  o t h e r  

f i e l d  I n v e s t i g a t o r s  p l u s  a d d i t i o n a l  s i t e s  n o t  c o v e r e d  a s  

p a r t  o f  t h e i r  s t u d i e s .  A  s u m m a r y  o f  r e s u l t s  o f  t h i s  

I n v e s t i g a t i o n  a r e  p r e s e n t e d  I n  c h a p t e r  V I .  T h e  t h e s i s  I s  b y  

S o u d e r  ( 1 9 8 3 ) .  T h e  l a s t  M .  S .  s t u d e n t  e v a l u a t e d  t h e  

regional hydrostratIgraphy of the thrust zone. A summary of 

t h e s e  r e s u l t s  a r e  p r e s e n t e d  I n  c h a p t e r  I I .  T h e  t h e s i s  I s  b y  

A r r I  g o  (  1  9 8 2  ) .  D a t a  f r o m  d e e p  d r i l l  h o l e s  I n c l u d i n g  

g e o l o g i c a l ,  g e o p h y s i c a l ,  a n d  t e m p e r a t u r e  I n f o r m a t i o n  w e r e  

a l s o  e v a l u a t e d .  A n a l y s i s  o f  t h e s e  d a t a  p r o v i d e s  I m p o r t a n t  

I n s i g h t s  o n  d e e p  g e o t h e r m a l  f l o w  s y s t e m s .  T h i s  I n f o r m a t i o n  

I s  p r e s e n t e d  I n  c h a p t e r  V I I .  

Erevlajj^ lHYgst l-flfll-LQUS 

P r e v i o u s  I n v e s t i g a t i o n s  o f  I m p o r t a n c e  t o  t h i s  r e s e a r c h  

e f f o r t  a r e  f o u n d  I n  t h r e e  d i f f e r e n t  f i e l d s :  g e o l o g y ,  

h y d r o l o g y  a n d  g e o t h e r m a l .  T h e  g e o l o g y  o f  t h e  t h r u s t  b e l t  

h a s  b e e n  I n v e s t i g a t e d  b y  a  n u m b e r  o f  i n d i v i d u a l s .  M a n s f i e l d  

(1927) prepared an extensive report on the geology of the 

o v e r t h r u s t  z o n e .  S p e c i f i c  7 . 5  a n d  1 5  m i n u t e  q u a d  a r e a s  w e r e  

m a p p e d  i n  t h e  1 9 5 0 - 1 9 7 0  p e r i o d  b y  v a r i o u s  U S G S  g e o l o g i s t s  

( C r e s s m a n ,  1 9 6 4 ;  A r m s t r o n g ,  1 9 6 9 ;  G u l b r a n d s e n  a n d  o t h e r s ,  

1 9 5 6 ;  a n d  o t h e r s ) .  P a p e r s  b y  A r m s t r o n g  a n d  C r e s s m a n  ( 1 9 6 3 ) ,  

E a r d l y  ( 1 9 6 7 ) ,  R u b e y  ( 1 9 5 5 )  a n d  R o y s e ,  W a r n e r  a n d  R e e s e  
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( 1 9 7 5 )  p r e s e n t e d  s t r u c t u r a l  I n t e r p r e t a t i o n s  o f  t h e  t h r u s t  

z o n e .  M a b e y  a n d  O r i e l  ( 1 9 7 0 )  c o n d u c t e d  r e g i o n a l  g e o p h y s i c a l  

s u r v e y s  o f  t h e  s o u t h e a s t  I d a h o  p o r t i o n  o f  t h e  t h r u s t  a r e a .  

The ground water hydrology of the thrust zone has been 

t h e  s u b j e c t  o f  m a j o r  r e s e a r h  e f f o r t s  a t  t h e  U n i v e r s i t y  o f  

I d a h o .  R a l s t o n  a n d  o t h e r s  ( 1 9 7 7 )  a n d  R a l s t o n  a n d  o t h e r s  

( 1 9 8 0 )  r e p o r t e d  o n  t h e  i n v e s t i g a t i o n  o f  g r o u n d  w a t e r - s u r f a c e  

w a t e r  s y s t e m s  n e a r  e x i s t i n g  o r  p r o p o s e d  p h o s p h a t e  m i n e s .  

T h e s e  t w o  r e s e a r c h  r e p o r t s  s u m m a r i z e  t h e  f i n d i n g s  f r o m  t w o  

P h .  D .  d i s s e r t a t i o n s  a n d  s i x  M a s t e r ' s  t h e s e s .  D i o n  ( 1 9 6 9 ,  

1974) Investigated the ground water hydrology In the Bear 

R i v e r  a n d  B l a c k f o o t  R e s e r v o i r  a r e a s  a s  p a r t  o f  a  c o o p e r a t i v e  

S t a t e  o f  I d a h o - U .  S .  G e o l o g i c a l  S u r v e y  e f f o r t .  A n  

E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t  o n  P h o s p h a t e  M i n i n g  ( U S D I ,  

1 9 7 6 )  p r e s e n t e d  a  g e n e r a l  o v e r v i e w  o f  t h e  h y d r o l o g y  o f  t h e  

w e s t e r n  p h o s p h a t e  f i e l d .  

F o u r  g e o t h e r m a l  r e p o r t s  h a v e  b e e n  p r e p a r e d  t h a t  a r e  

c o n c e r n e d ,  a t  l e a s t  i n  p a r t ,  w i t h  t h e  t h r u s t  a r e a .  T h r e e  o f  

t h e s e  r e p o r t s  w e r e  p u b l  i s h e d  b y  t h e  I d a h o  D e p a r t m e n t  o f  

W a t e r  R e s o u r c e s  a s  p a r t  o f  t h e i r  s e r i e s  o n  t h e  g e o t h e r m a l  

potential within the State. The study areas were the Cache 

V a l l e y  a r e a ,  t h e  B l a c k f o o t  R e s e r v o i r  a r e a ,  a n d  a s  p a r t  o f  a  

s t a t e - w i d e  s t u d y  ( M i t c h e l l ,  1 9 7 6 a ;  M i t c h e l l ,  1 9 7 6 b ;  M i t c h e l l  

a n d  o t h e r s ,  1 9 8 0 ) .  T h e  p r e l  I m l n a r y  r e s u l t s  f r o m  t h e  p r e s e n t  

s t u d y  w e r e  p r e s e n t e d  b y  R a l s t o n  a n d  o t h e r s  ( 1 9 8 1 ) .  
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I n f o r m a t i o n  f r o m  a l l  o f  t h e  a b o v e  r e p o r t s  p l u s  

a d d i t i o n a l  I n f o r m a t i o n  o n  g r o u n d  w a t e r  f l o w  s y s t e m s ,  

c h e m i s t r y  o f  g e o t h e r m a l  a n d  n o n - g e o t h e r m a I  s y s t e m s  a n d  

s t r u c t u r a l  g e o l o g y  w e r e  a n a l y z e d  a s  p a r t  o f  t h e  

I n v e s t i g a t i o n  o f  t h e  g e o t h e r m a l  p o t e n t i a l  o f  t h e  t h r u s t  

a r  e a .  



CHAPTER I I 

HYDROGEOLOGY OF THE THRUST ZONE 

lH±JLQ.dJl£±l£H 

The purpose of this chapter Is to present a) a brief 

s u m m a r y  o f  t h e  g e o l o g i c  h i s t o r y  o f  t h e  t h r u s t  b e l t  I n  I d a h o ,  

W y o m i n g  a n d  U t a h ,  b )  t h e  r e s u l t s  o f  t h e  g e o l o g i c  

i n v e s t i g a t i o n  o f  t h e  M e a d e  t h r u s t  z o n e ,  a n d  c )  t h e  r e s u l t s  o f  

t h e  I n v e s t i g a t i o n  o f  r e g i o n a l  h y d r o s t r a t I g r a p h y .  

G e o l o g i c  H l . s ± £ £ . y  

T h e  n a m e  "  o v e r t h r u s t  b e l t "  h a s  b e e n  a p p l i e d  b y  

g e o l o g i s t s ,  a n d  m o r e  r e c e n t l y  t h e  g e n e r a l  p u b l i c ,  t o  t h a t  

p a r t  o f  t h e  C o r d i l l e r a n  M o u n t a i n  s y s t e m  w h i c h  l i e s  I n  w e s t e r n  

W y o m i n g ,  s o u t h e a s t e r n  I d a h o  a n d  n o r t h e r n  U t a h  ( F i g u r e  1 1 - 1 ) .  

T h i s  i s  p a r t  o f  a  m a j o r  s y s t e m  t h a t  m a y  b e  t r a c e d  f r o m  M e x i c o  

t o  C a n a d a .  T h e  o v e r t h r u s t  b e l t  e x t e n d s  i n  a n  a r c u a t e  p a t t e r n  

f r o m  t h e  S n a k e  R i v e r  P l a i n  I n  t h e  v i c i n i t y  o f  I d a h o  F a l l s ,  

I d a h o ,  t o  t h e  v i c i n i t y  o f  S a l t  L a k e  C i t y ,  U t a h ,  a  d i s t a n c e  o f  

s o m e  3 2 0  k i l o m e t e r s .  T h e  e a s t - w e s t  e x t e n t  o f  t h e  o v e r t h r u s t  

b e l t  I s  l e s s  r e a d i l y  d e f i n e d .  T h e  e a s t e r n  m a r g i n  I s  t h e  

D a r b y - H o g s b a c k  f a u l t  t r a c e  o n  t h e  w e s t e r n  e d g e  o f  t h e  G r e e n  

R i v e r  B a s i n  I n  W y o m i n g .  T h e  w e s t e r n  b o u n d a r y  l i e s  w e l l  t o  

t h e  w e s t  o f  t h e  t r a c e  o f  t h e  P a r  I  s - W  I  I  I  a r  d  f a u l t  s y s t e m  a n d  

w e s t  o f  o u t c r o p s  o f  P r e c a m b r l a n  a g e  r o c k s  n e a r  P o c a t e l l o ,  
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Figure 11-1. Generalized structural map of the overthrust belt in 
southeastern Idaho, western Wyoming and northern Utah. 



I d a h o .  A t  p r e s e n t  t h e  w e s t e r n  e d g e  o r  r o o t  z o n e  i s  p o o r l y  

u n d e r s t o o d  ( B l a c k s t o n e ,  1 9 7 7 ) .  

G e o l o g i c  d e v e l o p m e n t  o f  t h e  o v e r t h r u s t  b e l t  h a s  o c c u r r e d  

i n  t h r e e  m a j o r  s t a g e s :  1 )  d e p o s i t i o n  i n  a  m i o g e o s y n c I  I n e ,  2 )  

d e v e l o p m e n t  o f  n o r t h w a r d - t r e n d i n g  f o l d s  a n d  t h r u s t s  f a u l t s ,  

a n d  3 )  d e v e l o p m e n t  o f  b l o c k  f a u l t s  t h a t  p r o d u c e  h o r s t  r a n g e s  

a n d  g r a b e n  v a l l e y s .  A n  e x c e l l e n t  d e s c r i p t i o n  o f  t h e s e  s t a g e s  

I s  g i v e n  b y  A r m s t r o n g  a n d  O r i e l  ( 1 9 6 5 ) .  T o  m a i n t a i n  

c o n s i s t e n c y  I n  t h i s  r e p o r t ,  t h e i r  m e a s u r e m e n t s  a r e  c o n v e r t e d  

t o  m e t r i c  u n i t s .  

D u r i n g  P a l e o z o i c  t i m e  a b o u t  2 0  k m  ( k i l o m e t e r s )  o f  
m a r i n e  s e d i m e n t s ,  m o s t l y  l i m e s t o n e  a n d  d o l o m i t e ,  
w e r e  d e p o s i t e d  i n  a  m  i  o g e o s y  n c  I  I  n e  a n d  a b o u t  2  k m  
o f  m i x e d  m a r i n e  s e d i m e n t s  w e r e  d e p o s i t e d  o n  t h e  
s h e l f  t o  t h e  e a s t . . .  S t a r t i n g  i n  M i s s i s s I p p  I  a n  
t i m e ,  t h e  b e l t  b e t w e e n  s h e l f  a n d  m  i  o g e o s y n c  I  i  n e ,  
w h e r e  t h i c k n e s s e s  i n c r e a s e  m a r k e d l y ,  s h i f t e d  
p r o g r e s s i v e l y  e a s t w a r d .  D u r i n g  M e s o z o i c  t i m e  a b o u t  
1 1  k m  o f  m a r i n e  a n d  c o n t i n e n t a l  s e d i m e n t s  w e r e  
d e p o s i t e d  I n  t h e  w e s t e r n  p a r t  o f  t h e  r e g i o n  a n d  
a b o u t  4 . 5  k m  i n  t h e  e a s t e r n  p a r t , . . .  I n  l a t e  
T r I  a s  s  I  c  a  b e l t  o n  t h e  w e s t  r o s e  a n d  t h e  
m I o g e o s y n c I  I n e  s t a r t e d  t o  b r e a k  u p .  ( A r m s t r o n g  a n d  
O r i e l ,  1 9 6 5 ,  p .  1 8 4 7 ) .  

The break up or destruction of the mIogeosyncI Ine began 

t h e  s e c o n d  s t a g e  i n  t h e  g e o l o g i c  d e v e l o p m e n t  o f  t h e  

o v e r t h r u s t  b e l t .  T h e  m a j o r  f a u l t s  I n  t h e  o v e r t h r u s t  b e l t  a r e  

s h o w n  o n  F i g u r e  1 1 - 1 .  

T h e  s e c o n d  s t a g e ,  w h i c h  o v e r l a p p e d  t h e  f i r s t ,  
p r o d u c e d  f o l d s  o v e r t u r n e d  t o w a r d  t h e  e a s t  a n d  
t h r u s t  f a u l t s  d i p p i n g  g e n t l y  w e s t  i n  a  z o n e ,  c o n v e x  
t o  t h e  e a s t ,  3 2 2  k m  l o n g  a n d  9 6  k m  w i d e .  
S t r a t I  g r a p h  I c  t h r o w  o n  m a n y  l a r g e r  f a u l t s  i s  a b o u t  
7  k m ;  h o r i z o n t a l  d i s p l a c e m e n t  I s  a t  l e a s t  1 6  t o  2 4  
k m .  L a c k  o f  m e t a m o r p h l s m  a n d  m y l o n l t e  a l o n g  t h e  
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f a u l t s  I s  s t r i k i n g .  F r o m  w e s t  t o  e a s t ,  t h e  t h r u s t  
f a u l t s  c u t  p r o g r e s s i v e l y  y o u n g e r  b e d s , . . .  
T h r u s t i n g  s t a r t e d  I n  t h e  w e s t  I n  l a t e s t  J u r a s s i c  
a n d  e n d e d  I n  t h e  e a s t  p e r h a p s  a s  l a t e  a s  e a r l y  
E o c e n e  t i m e ; . . .  ( A r m s t r o n g  a n d  O r i e l ,  1 9 6 5 ,  p .  
1  8 4 7  ) .  

B l o c k  f a u l t i n g  I s  t h e  t h i r d  s t a g e  I n  t h e  d e v e l o p m e n t  o f  

t h e  o v e r t h r u s t  b e l t .  T h e  e a s i n g  o f  c o m p r e s s  I  o n a  I  f o r c e s  

r e s u l t e d  I n  t h e  f o r m a t i o n  o f  m a j o r  n o r m a l  f a u l t s  I n  t h e  a r e a .  

F a u l t i n g  s t a r t e d  i n  E o c e n e  t i m e  a n d  h a s  c o n t i n u e d  t o  t h e  

Recent (Armstrong and Oriel, 1965). Block faulting produced 

m a j o r  h o r s t  r a n g e s  a n d  g r a b e n  v a l l e y s  f o r m i n g  t h e  p r e s e n t  

topography. The major normal faults In the area are shown on 

F i g u r e  1 1 - 1 .  

The above Is a simplified description of the complex 

g e o l o g i c  h i s t o r y  o f  t h e  o v e r t h r u s t  b e l t .  A  t y p i c a l  

d i a g r a m m a t i c  c r o s s - s e c t I o n  o f  t h e  o v e r t h r u s t  b e l t  I s  

p r e s e n t e d  I n  F i g u r e  1 1 - 2 .  T h i s  d i a g r a m  I l l u s t r a t e s  t h e  

c o m p l e x  s t r u c t u r e  o f  t h e  o v e r t h r u s t  b e l t .  

Chara£ler I st I£.5 si ±Jifl Meade T h r u s t  

.1 ntr&dsst 1 on 

The Meade thrust l ies within the Aspen and Preuss ranges 

o f  s o u t h e a s t e r n  I d a h o  ( F i g u r e  1 1 - 1 ) .  T h e  e l e v a t i o n  o f  t h e  

area ranges between 1870 meters (m) and 3030m. 

The general objective of this portion of the research 

w a s  t o  d e t e r m i n e  h o w  t h e  t h r u s t  z o n e s  c o n t r o l  f l o w  s y s t e m s .  

T h e  o b j e c t i v e  w a s  m e t  b y  s t u d y i n g  t h e  p e t r o l o g t c  
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WEST 

(modified offer Powers, 1978 

Figure 11-2. Typical diagrammatic east-west cross section of the overthrust belt. 



c h a r a c t e r i s t i c s  o f  t h e  t h r u s t  f e a t u r e s ,  s u c h  a s  f a u l t  g o u g e ,  

f a u l t  b r e c c i a s  a n d  I n t e r b e d d e d  g o u g e .  F i e l d  w o r k  w a s  c a r r i e d  

o u t  d u r i n g  a  6 0 - d a y  p e r i o d  I n  t h e  s u m m e r  a n d  f a l l  o f  1 9 8 0 .  

The rocks within the Meade thrust plate range In age 

f r o m  M  I  s  s  1  s s I p p I  a n  t o  R e c e n t  ( T a b l e  1 1 - 1 ) .  S e d i m e n t s  o f  

M  I  s s I s s I p p I  a n  t o  J u r a s s i c  a g e  a r e  p r e d o m i n a t e l y  l i m e s t o n e ,  

dolomite, shale and quartz sandstone. The sequence of 

l l t h o l o g l e s  f r o m  M I s s I s s I p p I  a n  t o  C r e t a c e o u s  I s  c o n f o r m a b l e  

a n d  I s  a p p r o x i m a t e l y  7 3 0 0  m  t h i c k .  T e r t i a r y  r o c k s  a r e  

f l u v i a l  a n d  l a c u s t r i n e  I n  n a t u r e  a n d  a r e  f o u n d  w i t h  v a r y i n g  

t h i c k n e s s e s  I n  t h e  r e g i o n .  S m a l l  p a t c h e s  o f  T e r t i a r y  b a s a l t  

c a n  b e  f o u n d  a t  s e v e r a l  s i t e s .  N o  l l t h o l o g l e s  o l d e r  t h a n  

M I s s I s s I p p I  a n  c a n  b e  f o u n d  I n  t h e  a r e a .  T h e  M e a d e  t h r u s t  h a s  

been dated by Cressman (1964) as Early Cretaceous to Eocene. 

P e t r o  1  o g y  f l i  I J l L i J i l  

F a u l t  B r e c c  l a .  A s  n o t e d  b y  C r e s s m a n  (  1  9 6 4 ) ,  t h e  t r a c e  

o f  t h e  t h r u s t  f a u l t  I s  m a r k e d  b y  a  b r e c c i a  z o n e  w h e r e v e r  

M  I  s  s  I  s  s  I  p  p  I  a  n  r o c k s  a r e  f o u n d  I n  t h e  u p p e r  p l a t e .  T h i s  

b r e c c i a  z o n e  I s  s e e n  I n  G e o r g e t o w n  C a n y o n  n e a r  C h u r c h  H o l l o w  

( F i g u r e  1 1 - 3 ) .  I t  I s  a l s o  f o u n d  t o  t h e  e a s t  o f  t h e  L e f t  F o r k  

o f  T w i n  C r e e k  a n d  I n  B i g  C a n y o n ,  n o r t h  o f  G e o r g e t o w n  a n d  

along the Star Valley thrust near Freedom, Wyoming. The 

b r e c c i a  I s  y e l l o w - r e d  t o  g r a y  I n  c o l o r ,  a n d  v a r i a b l e  I n  
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Table 11-1. Generalized stratigraphy of southeast Idaho (after 
Cressman, 1964 and Armstrong, 1953). 

Sys tern Series Group, Formation 
Thickness 

(m) 

Tertiary 
PI iocene Salt Lake Formation 920+ 

Tertiary 
Eocene Wasatch Formation not known 

Cretaceous Gannett Group 1500 

Upper Jurassic Stump Sandstone 100-150 

Jurassic 

Middle Jurassic 

Preuss Sandstone 

Twin Creek Limestone 

525± 

734-1410+ 
Middle Jurassic 

Nugget Sandstone 275-520 

Ankareh Formation 60-120 + 

Triassic 
Lower Triassic 

Thaynes Formation 

Dinwoody Formation 

325-1125 

425-550 

Permian Phosphoria Formation 170 

Pennsylvani an Wells Formation 425-530 

Mississippian 
Mission Canyon Limestone 

Lodgepole Limestone 

450-600 

200-300 

Oc-voni an 
Upper Devonian Three Forks Limestone 55r 

Oc-voni an 
Middle Devonian Jefferson Dolomite 235-

Si luri an Middle Si 1 arian Laketown Dolomite 390 

Upper Ordovician Fish Haven Dolomite 150 

Ordovician 
Lower Ordovician 

Swan Peak Quartzite 160i 
Lower Ordovician 

Garden City Limestone 420± 

Upper Cambrian St. Charles Limestone 290r 

Nounan Dolomite 335t 

Blcomington Foi+nation 215-

Cambri an Middle Cambrian Blacksmith Formation 320r 

Ute Limestone 21 S z  

Langston Formation 100 + 

1 
Lower Cambrian j 3ri gharn Quartz i te 1200.- | 

1 
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Figure 11-3. Fault breccia sites examined in southeastern 
Idaho. 
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t h i c k n e s s ,  p o s s i b l y  u p  t o  1 0  m  t h i c k .  T h e  b r e c c i a  I s  v u g g y  

a n d  c o n t a i n s  b o x w o r k s  I n  p l a c e s .  

C r e s s m a n  ( 1 9 6 4 )  c o n s i d e r s  t h e  b r e c c i a  t o  b e  o n e  u n i t ,  

t o t a l l y  c o m p r i s e d  o f  f a u l t  b r e c c i a .  P e t r o g r a p h l c  e x a m i n a t i o n  

o f  t h e  b r e c c i a  f r o m  t h e  M e a d e  b l o c k  s h o w s  t h a t  I t  c a n  b e  

d i v i d e d  I n t o  t h r e e  t y p e s :  1 )  a  c a r b o n a t e  ( l i m e s t o n e )  u n i t ,  

2) a carbonate-clastic unit, and 3) a clastic unit. The 

c a r b o n a t e  u n i t  ( T y p e  1 )  c a n  b e  d e s c r i b e d  a s  a  g r a y ,  

n o n - p e r m e a b l e  b r e c c i a .  T h e  c l a s t s  i n  t h i s  u n i t  a r e  a n g u l a r  t o  

sub-rounded. CathodoI urn Inesence shows that the cement In 

t h i s  t y p e  I s  o f  o n e  g e n e r a t i o n .  T h e  c a r b o n a t e - c l a s t i c  u n i t  

( T y p e  2 )  i s  c o m p r i s e d  o f  t w o  t y p e s  c f  c l a s t s .  O n e  I s  a  

g r a y i s h  l i m e s t o n e  a n d  t h e  o t h e r  I s  a  g r e e n  t o  y e l l o w  

c l a s t i c / c a r b o n a t e .  C a t h o d o I  u r n  I n e s e n c e  s h o w s  t h a t  t h e  c e m e n t  

In the carbonate portion Is of one generation. The cement In 

t h e  c I a s t I c / c a r b o n a t e  s e c t i o n  I s  m u 1 1 1 - g e n e r a t  I  o n . T h e  c l a s t s  

o f  b o t h  t y p e s  a r e  r o u n d e d .  T y p e  3  I s  c o m p o s e d  a l m o s t  e n t i r e l y  

o f  c l a s t i c  g r a i n s  t h a t  a r e  r o u n d e d  a n d  h a v e  

muItI-generatIonaI cement. 

N o t e  t h a t  I n  t h e  a b o v e  d i s c u s s i o n  o f  b r e c c i a s ,  t h e  

c a r b o n a t e  u n i t  I n v o l v e d  I s  p r e d o m i n a t e l y  t h e  L o d g e p o l e  

L i m e s t o n e  a n d  t h i s  I s  a l m o s t  e x c l u s i v e l y  l i m e s t o n e .  W h i l e  

u s i n g  t h e  t e r m  c l a s t i c  t o  d e s c r i b e  o n e  t y p e  o f  c l a s t s ,  i t  

s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  " C l a s t i c "  u n i t s  i n v o l v e d  a r e  

t h e  T w i n  C r e e k  L i m e s t o n e  a n d  t h e  W e l l s  F o r m a t i o n ,  w h i c h  m a y  

h a v e  c a l c a r e o u s  b e d s .  T h e s e  u n i t s  a r e  d e s c r i b e d  a s  c l a s t i c  
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b e c a u s e  o f  t h e  h i g h  a m o u n t  o f  d e t r l t a l  q u a r t z  v i s i b l e  u n d e r  

c a t h o d o l u m l n e s e n c e .  

F a u l t  G o u g e. Fault gouge Is found only In one section 

I n  G e o r g e t o w n  C a n y o n  ( F i g u r e  1 1 - 3 ) .  T h e  g o u g e  I s  f o u n d  

within the Wells Formation, above the chert layer. The gouge 

r a n g e s  I n  t h i c k n e s s  f r o m  a  f e w  c e n t i m e t e r s  t o  a  m a x i m u m  o f  

o n e  m e t e r .  T h e  g o u g e  I s  b l a c k  I n  c o l o r  a n d  I s  v e r y  f r i a b l e .  

I n  t h i n  s e c t i o n ,  t h e  g o u g e  I s  9 9  p e r c e n t  c h e r t .  

I n t e r b e d e d  G o u ge. Interbedded gouge occurs In limited 

areas, predominately In the Twin Creek Limestone along Crow 

Creek. It Is difficult to recognize In the field. The gouge 

i s  c h a r a c t e r i z e d  b y  m i c r o - f r a c t u r e s  a l o n g  b e d d i n g  p l a n e s  I n  

a n  o t h e r w i s e  m a s s i v e l y  b e d d e d  u n i t .  

P o r o s I t y  a n d  P e r m e a b I  I  I t y .  T h e  l a b o r a t o r y  m e a s u r e m e n t s  

of porosity and permeability do not take Into account the 

a m o u n t  o f  f r a c t u r i n g  p r e s e n t  I n  t h e  l l t h o l o g y .  T y p e  1  

(carbonate) breccias generally have low porosity (1-5$) and 

l o w  p e r m e a b i l i t i e s  ( 1 - 5 0  m I  I  I  I d a r c I e s )  ( m d ) .  T y p e  2  b r e c c i a s  

h a v e  I n t e r m e d i a t e  p o r o s i t i e s  ( 2 - 1 0 $ )  a n d  I n t e r m e d i a t e  

p e r m e a b i l i t i e s  ( 1 0 - 5 0 0  m d ) .  T y p e  3  b r e c c i a s  ( c l a s t i c )  h a v e  

t h e  h i g h e s t  p o r o s i t i e s  ( 5 - 1 7 $ )  a n d  t h e  h i g h e s t  p e r m e a b i l i t i e s  

( 5 0 0 - 1 7 , 0 0 0  m d ) .  

A l l  o f  t h e  v a r i o u s  l l t h o l o g l e s  h a v e  e x t r e m e l y  l o w  

p r i m a r y  p o r o s i t i e s  ( 0 - 3 $ )  a n d  p e r m e a b i l i t i e s  ( 0 - 1 0  m d ) .  

However, formations such as the Wells or DInwoody may be 
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h i g h l y  j o i n t e d  a n d  f r a c t u r e d  a n d  t h u s  m a y  t r a n s m i t  a  

c o n s i d e r a b l e  a m o u n t  o f  w a t e r .  

I t  w a s  n o t  p o s s i b l e  t o  m e a s u r e  t h e  p o r o s i t y  o f  t h e  g o u g e  

d u e  t o  t h e  n a t u r e  o f  t h e  m a t e r i a l .  I n  t h e  f i e l d  i t  a p p e a r e d  

t o  b e  h i g h l y  p o r o u s .  

InlsrjicslflULsii G±  R e s u l t s  

C r e s s m a n  ( 1 9 6 4 )  s t a t e s  t h a t  t h e  M e a d e  t h r u s t  s t a r t e d  a s  

a  b e d d i n g  p l a n e  t h r u s t  w i t h i n  o r  a t  t h e  b a s e  o f  t h e  M a d i s o n  

( L o d g e p o l e )  L i m e s t o n e .  T h e  t h r u s t  f o l l o w e d  t h i s  h o r i z o n  f o r  

2 7  k m  b e f o r e  c u t t i n g  u p  d i a g o n a l l y  t h r o u g h  M I s s i s s I p p i a n  t o  

J u r a s s i c  s e d i m e n t s  b e f o r e  s e t t l i n g  I n  a s  a  b e d d i n g  p l a n e  

t h r u s t  a g a i n ,  n o w  I n  t h e  J u r a s s i c  T w i n  C r e e k  F o r m a t i o n .  

G r e t e n e r  ( 1 9 7 9 )  n o t e s  t h a t  t h r u s t  f a u l t s  t e n d  t o  l i n g e r  I n  

I n c o m p e t e n t  s t r a t a  a n d  s t e p  t h r o u g h  c o m p e t e n t  s t r a t a  a t  

relatively steep angles. The Meade thrust fault seems to be 

n o  d i f f e r e n t  I n  t h i s  r e s p e c t .  

T h e  t h r u s t  d e f o r m a t i o n  f e a t u r e s  w e r e  f o r m e d  I n  t h e  

b r i t t l e  f i e l d  u n d e r  l o w e r  p o r e  p r e s s u r e .  A l l  t h e  t h r u s t  

f e a t u r e s  o c c u r r e d  w h e n  t h e  t h r u s t  w a s  s t e p p i n g  u p .  B e c a u s e  

b r i t t l e  d e f o r m a t i o n  t e n d s  t o  c r e a t e  a  r o c k  w i t h  h i g h  

p e r m e a b i l i t y  a n d  p o r o s i t y ,  t h e  f a u l t  b r e c c i a s  h a v e  t h e  

h i g h e s t  p o r o s i t y  a n d  p e r m e a b i l i t y  o f  t h e  s a m p l e s  m e a s u r e d .  

D u c t i l e  d e f o r m a t i o n  t e n d s  t o  l e a v e  a  d e n s e  r o c k .  I t  I s  

I Ikely that this Is the condition that existed for much of 

t h e  t i m e  t h r u s t i n g  o c c u r r e d .  
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I n  c o n c l u s i o n ,  b e c a u s e  o f  t h e  l i m i t e d  e x t e n t  o f  t h r u s t  

r e l a t e d  f e a t u r e s  a n d  b e c a u s e  o f  t h e i r  r e l a t i v e l y  h i g h  

p o r o s i t i e s  a n d  p e r m e a b i l i t i e s .  I t  i s  n o t  l i k e l y  t h a t  t h e  

t h r u s t i n g  w i t h i n  t h e  M e a d e  p l a t e  h a s  c r e a t e d  a  b a r r i e r  t o  a n y  

f l o w  s y s t e m s .  T h e  t h r u s t  m a y ,  h o w e v e r ,  b e  r e g a r d e d  a s  a  

s e c o n d a r y  c o n t r o l  I n  p r e f e r e n t i a l l y  p o s i t i o n i n g  l l t h o l o g l e s  

w i t h  h i g h  p e r m e a b i l i t y  a g a i n s t  l e s s  p e r m e a b l e  l l t h o l o g l e s .  

I n t r o d u c t I  o n  

T h e  r e l a t i o n s h i p  b e t w e e n  s t r u c t u r a l  a n d  s t r a t I  g r a p h  I c  

f e a t u r e s  i n  s o u t h e a s t e r n  I d a h o  I s  v e r y  c o m p l e x .  T h e r m a l  a n d  

n o n - t h e r m a l  s p r i n g s  i n  t h e  a r e a  I n d i c a t e  t h e  p r e s e n c e  o f  

e q u a l  l y  c o m p l e x  g r o u n d  w a t e r  f l o w  s y s t e m s .  P r e v i o u s  

I n v e s t i g a t o r s  h a v e  d o c u m e n t e d  t h a t  t h e  f l o w  s y s t e m s  a r e  

c o n t r o l l e d  b y  b o t h  t h e  c o m p l e x  s t r u c t u r a l  s e t t i n g  o f  t h e  a r e a  

a n d  t h e  v a r i a t i o n s  I n  h y d r a u l i c  c o n d u c t i v i t y  b e t w e e n  

I n d i v i d u a l  s t r a t I g r a p h I c  u n i t s  I n  t h e  s e d i m e n t a r y  r o c k  

s e q u e n c e .  W i n t e r  ( 1 9 7 9 )  f o u n d  t h a t  t h e  h y d r a u l i c  

c o n d u c t i v i t y  v a l u e s  w i t h i n  s e v e r a l  s t r a t I  g r a p h  I c  u n i t s  w e r e  

areally consistent and provided a key to understanding ground 

w a t e r  f l o w  s y s t e m s  I n  a  p o r t i o n  o f  s o u t h e a s t  I d a h o .  

T h i s  s t u d y  w a s  d i r e c t e d  t o w a r d  u n d e r s t a n d i n g  t h e  

v a r i a t i o n s  I n  t h e  w a t e r  b e a r i n g  c h a r a c t e r i s t i c s  o f  s e l e c t e d  

stratI graph Ic units In southeast Idaho, expanding upon the 

d a t a  b a s e  p r o v i d e d  b y  W i n t e r  ( 1 9 7 9 ) .  T h e  u s u a l  
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c l a s s i f i c a t i o n  o f  t h e  g e o l o g i c  f o r m a t i o n s  b a s e d  o n  t h e i r  a g e ,  

l lthologlc and pa I eonto IogIcaI characteristics, may not be an 

a c c u r a t e  c r i t e r i o n  f o r  j u d g i n g  t h e i r  h y d r o l o g l c  p r o p e r t i e s .  

T h e r e f o r e ,  I n  g r o u n d  w a t e r  s t u d i e s ,  a  d i f f e r e n t  

classification Is used based on the capacity of the rock to 

y i e l d  w a t e r  f r o m  s t o r a g e  ( s t o r a t I v I t y )  a n d  o n  i t s  c a p a c i t y  t o  

transmit water (hydraulic conductivity). The resulting rock 

units of this classification are called hydrostratI graph Ic 

u n i t s  ( M o h a m m a d ,  1 9 7 6 ,  p .  3 5 ) .  T h e  b o u n d a r i e s  o f  t h e s e  u n i t s  

m a y  o r  m a y  n o t  c o i n c i d e  w i t h  t h e  b o u n d a r i e s  o f  t h e  g e o l o g i c a l  

f o r m a t  I o n s .  

The purpose of this portion of the study Is to provide 

a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  h y d r o s t r a t I g r a p h I c  c o n t r o l s  

f o r  g r o u n d  w a t e r  f l o w  i n  s o u t h e a s t  I d a h o .  T h e  g e n e r a l  

o b j e c t i v e  i s  t o  u t i l i z e  s t r e a m  f l o w  m e a s u r e m e n t s ,  a  s p r i n g  

i n v e n t o r y ,  a n d  k n o w l e d g e  o f  g e o l o g y  a n d  h y d r o l o g y  t o  d e f i n e  

h y d r o s t r a t I  g r a p h  I c  c o n t r o l s  f o r  g r o u n d  w a t e r  f l o w  I n  u n i t s  o f  

t h e  g e o l o g i c  c o l u m n  I n  s o u t h e a s t  I d a h o .  

Q±  S t u d y  

D a t a  f r o m  s t r e a m  f l o w  m e a s u r e m e n t s  a n d  a  s p r i n g  

I n v e n t o r y  w e r e  u t i l i z e d  t o  d e s c r i b e  t h e  h y d r o s t r a 1 1  g r a p h  I  c  

c o n t r o l s  o n  g r o u n d  w a t e r  f l o w  i n  s o u t h e a s t  I d a h o .  T h e  

r e s u l t s  o f  t h e s e  a n a l y s e s  w e r e  u s e d  t o  t e s t  t h e  h y p o t h e s i s  

that the hydrostratI graph Ic controls on ground water flow are 

a r e a l l y  c o n s i s t e n t .  
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S t r e a m  f l o w  m e a s u r e m e n t s  a n d  a  s p r i n g  I n v e n t o r y  w e r e  

u s e d  t o  l o c a t e  a n d  c a t a g o r l z e  t h e  h y d r o g e o l o g l  c  

c h a r a c t e r i s t i c s  o f  u n i t s  w h i c h  s u p p o r t  g r o u n d  w a t e r  f l o w  

s y s t e m s .  G r o u n d  w a t e r  f l o w  s y s t e m s  a r e  I n d i c a t e d  o n  t h e  

s u r f a c e  b y  t h e  p r e s e n c e  o f  r e c h a r g e  a n d  d i s c h a r g e  a r e a s .  

S p r i n g  d i s c h a r g e s  a r e  c l e a r l y  I n d i c a t i o n s  o f  g r o u n d  w a t e r  

f l o w  s y s t e m s .  G a i n  o r  l o s s  I n  s t r e a m  f l o w  a r e  a l s o  

I n d i c a t i o n s  o f  t h e  p r e s e n c e  o f  a  g r o u n d  w a t e r  f l o w  s y s t e m .  

I f  a  s t r e a m  f l o w s  o v e r  a  r e c h a r g e  a r e a ,  w a t e r  f r o m  t h e  s t r e a m  

w i l l  e n t e r  t h e  g r o u n d  w a t e r  s y s t e m  a n d  t h e  s t r e a m  w i l l  l o s e  

f l o w .  C o n v e r s e l y  a  s t r e a m  w i l l  g a i n  f l o w  I n  a  g r o u n d  w a t e r  

d i s c h a r g e  a r e a .  A  l a c k  o f  c h a n g e  I n  s t r e a m  f l o w  a c r o s s  a  

u n i t  d o e s  n o t  n e c e s s a r i l y  I n d i c a t e  t h e  u n i t  h a s  l o w  h y d r a u l i c  

c o n d u c t i v i t y .  S t r e a m  f l o w  m a y  n o t  c h a n g e  a c r o s s  a  u n i t  w i t h  

h i g h  h y d r a u l i c  c o n d u c t i v i t y  I f  t h e  u n i t  i s  s t r u c t u r a l l y  

I s o l a t e d  f r o m  a  f l o w  s y s t e m .  T h e  c h a r a c t e r i s t i c s  o f  g a i n i n g ,  

l o s i n g  a n d  n o  g a i n  o r  l o s s  s e c t i o n s  o f  a  s t r e a m  a r e  

I l l u s t r a t e d  I n  F i g u r e  1 1 - 4 .  

S t r e a m  f l o w  m e a s u r e m e n t s  w e r e  t a k e n  d u r i n g  A u g u s t ,  1 9 8 0 ,  

a n d  S e p t e m b e r ,  1 9 8 1 .  T h e  l a t e  s u m m e r  t i m e  f r a m e  w a s  c h o s e n  

s o  t h a t  s t r e a m  f l o w  c o u l d  b e  m e a s u r e d  a t  o r  n e a r  b a s e f l o w  

I  e v e  I s .  

I n i t i a l l y ,  s t r e a m  f l o w  m e a s u r e m e n t  s i t e s  w e r e  s e l e c t e d  

I n  t h e  o f f i c e  p r i o r  t o  t h e  f i e l d  s e a s o n .  G e o l o g i c  m a p s  w e r e  

e x a m i n e d  t o  f i n d  t h e  s t r e a m s  w h i c h  f l o w e d  o v e r  f o r m a t i o n s  o f  
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Figure II-4. Examples of gaining and losing streams 
from Winter (1979). 



I n t e r e s t  t o  t h i s  s t u d y .  I n  t h e  f i e l d ,  I t  w a s  r e a l i z e d  t h a t  

t h e  h y d r os t r a 11 g r a p hy of various formations could not be 

a n a l y z e d  b e c a u s e  o f  t h e  l i m i t e d  a v a i l a b i l i t y  o f  s u i t a b l e  

s t r e a m  f l o w  m e a s u r e m e n t  s i t e s .  A s  a  r e s u l t ,  d a t a  w e r e  o n l y  

c o l l e c t e d  f o r  s t r e a m s  w h i c h  f l o w e d  o v e r  s e l e c t e d  J u r a s s i c ,  

M I s s I s s I p p p I  a n ,  O r d o v l c l a n  a n d  C a m b r i a n  f o r m a t i o n s .  

O n c e  a  s u i t a b l e  f l o w i n g  s t r e a m  w a s  l o c a t e d ,  t h e  a c t u a l  

m e a s u r e m e n t  s i t e s  w e r e  s e l e c t e d  b a s e d  u p o n  s e v e r a l  c r i t e r i a :  

a )  t h e r e  b e  f l o w  a c r o s s  a  f o r m a t i o n  o f  I n t e r e s t ,  b )  t h e  

s t r e a m  c h a n n e l  b e  u n d e r l a i n  b y  a  m i n i m u m  o f  v a l l e y  f i l l  

m a t e r i a l ,  a n d  c )  t h e  m e a s u r e m e n t  s i t e s  h a v e  s o m e  m e a n s  o f  

reasonable access, either by vehicle or on foot. Measurement 

s i t e s  w e r e  g e n e r a l l y  l o c a t e d  a t  o r  n e a r  t h e  p o i n t  w h e r e  t h e  

stream flowed over a formation contact. This was done to 

o b t a i n  a  m e a s u r e d  f l o w  a c r o s s  t h e  e x p o s e d  f o r m a t i o n .  

F o r m a t i o n  c o n t a c t s  w e r e  l o c a t e d  o r i g i n a l l y  b y  e x a m i n i n g  

g e o l o g i c  m a p s  a n d ,  w h e r e  p o s s i b l e ,  w e r e  v e r i f i e d  I n  t h e  f i e l d  

b y  e x a m i n i n g  r o c k  o u t c r o p s .  

S t r e a m  f l o w  w a s  m e a s u r e d  b y  o n e  o f  t w o  m e t h o d s :  a )  a  

p y g m y  c u r r e n t  m e t e r  a n d  a  t o p s e t t l n g  r o d  a n d  b )  a  

s i x t y - d e g r e e ,  V - n o t c h  f l u m e  c o n s t r u c t e d  o f  f i b e r g l a s s  w i t h  a  

s l d e w a l l  a n d  h e a d s c a l e .  T h e  f l u m e  w a s  c a p a b l e  o f  m e a s u r i n g  

d i s c h a r g e  o v e r  a  r a n g e  o f  0 . 0 0 3  t o  2 . 3 3  I I t e r / s e c .  T h e  f l u m e  

w a s  u s e d  w h e r e  s t r e a m  f l o w  w a s  t o o  l o w  t o  u s e  t h e  c u r r e n t  

m e t e r .  T h e  a c c u r a c y  o f  t h e  t w o  m e a s u r e m e n t  t e c h n i q u e s  w a s  

a s s u m e d  t o  b e  p l u s  o r  m i n u s  1 0  p e r c e n t .  
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The spring Inventory was conducted In the office during 

O c t o b e r  a n d  N o v e m b e r ,  1 9 8 1 .  S p r i n g  s i t e s  w e r e  I n i t i a l l y  

l o c a t e d  b y  e x a m i n i n g  U . S .  G e o l o g i c a l  S u r v e y  7 . 5  a n d  1 5  m i n u t e  

t o p o g r a p h i c  q u a d r a n g l e s .  T o p o g r a p h i c  m a p s  o f  t h i s  s c a l e  

I d e n t i f y  w h e r e  s p r i n g s  a r e  l o c a t e d .  S p r i n g  s i t e s  I d e n t i f i e d  

f r o m  t h e  t o p o g r a p h i c  m a p s  w e r e  t h e n  l o c a t e d  o n  g e o l o g i c  m a p s  

o f  t h e  s a m e  a r e a .  T h e  l o c a l  g e o l o g y  a t  e a c h  s p r i n g  s i t e  w a s  

e v a l u a t e d  t o  d e t e r m i n e  f r o m  w h a t  f o r m a t i o n  t h e  s p r i n g  

d i s c h a r g e d .  T h e  p r e s e n c e  o f  s t r u c t u r a l  f e a t u r e s  n e a r  t h e  

s p r i n g  s i t e ,  s u c h  a s  f a u l t s  o r  f o l d s ,  w a s  r e c o r d e d .  

aJld Ana lysis si Da t a  

S tf 3- a m  G a  I  n - L o s s  i L a ± . a .  S t r e a m  f l o w  d a t a  h a v e  b e e n  

c o l l e c t e d  f o r  t e n  s t r e a m  s e c t i o n s  I n  s o u t h e a s t  I d a h o .  T h e  

l o c a t i o n  o f  t h e  m e a s u r e d  s e c t i o n s  w i t h i n  t h e  s t u d y  a r e a  a r e  

s h o w n  o n  F i g u r e  1 1 - 5 .  S t r e a m  g a i n - l o s s  c h a r a c t e r i s t i c s  a r e  

d i s c u s s e d  a c c o r d i n g  t o  t h r e e  d i f f e r e n t  g r o u p s  o f  s t r e a m s  

b a s e d  u p o n  t h e  a g e  o f  t h e  f o r m a t i o n s  e x p o s e d  i n  t h e  s t r e a m  

c h a n n e l .  T h e  f i r s t  g r o u p  i n c l u d e s  f o u r  s t r e a m s  t h a t  f l o w  

over the Jurassic Nugget or Twin Creek Formations. Two 

s t r e a m s  w h i c h  c r o s s  o v e r  t h e  M I  s s I s s i p p i a n  M i s s i o n  C a n y o n  

F o r m a t i o n  m a k e  u p  t h e  s e c o n d  g r o u p .  T h e  t h i r d  g r o u p  i s  

c o m p r i s e d  o f  f o u r  s t r e a m s  t h a t  f l o w  o v e r  f o r m a t i o n s  r a n g i n g  

i n  a g e  f r o m  t h e  O r d o v i c l a n  S w a n  P e a k  F o r m a t i o n  t o  t h e  L o w e r  

C a m b r i a n  B r l g h a m  F o r m a t i o n .  G e n e r a l  d a t a  f o r  s t r e a m s ,  s u c h  

a s  n a m e ,  l o c a t i o n  a n d  m e a s u r e m e n t  d a t a  a r e  l i s t e d  o n  T a b l e  
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1 1 - 2 .  A d d i t i o n a l  d e t a i l s  o n  s t r e a m  f l o w  m e a s u r e m e n t s  a r e  

g I v e n  I n  A r r I  g o  (  1  9 8 2 ) .  

A  c l a s s i f i c a t i o n  s y s t e m  w a s  d e v e l o p e d  t o  a n a l y z e  s t r e a m  

f l o w  d a t a .  T h e  s y s t e m  I s  b a s e d  u p o n  t h e  p e r c e n t  o f  c h a n g e  I n  

s t r e a m  d i s c h a r g e  b e t w e e n  m e a s u r e m e n t  s i t e s .  T h e  p e r c e n t  o f  

c h a n g e  I n  t h e  d i s c h a r g e  b e t w e e n  m e a s u r e m e n t  s i t e s  I s  u s e d  t o  

q u a n t i f y  w h e t h e r  t h e  d a t a  s h o w  n o  I n d i c a t i o n  o r  a  m o d e r a t e  o r  

s t r o n g  I n d i c a t i o n  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y .  A n  1 1  t o  

2 0  p e r c e n t  c h a n g e  I n  f l o w  I s  c o n s i d e r e d  a  m o d e r a t e  

I n d i c a t i o n  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y .  A  f l o w  c h a n g e  

g r e a t e r  t h a n  2 0  p e r c e n t  I s  c o n s i d e r e d  a  s t r o n g  I n d i c a t i o n  o f  

h i g h  h y d r a u l i c  c o n d u c t i v i t y .  

T h e  f o u r  s t u d y  s t r e a m s  t h a t  f l o w  o v e r  t h e  J u r a s s i c  

f o r m a t i o n s  a r e  H o r s e  C r e e k ,  T e r r a c e  C a n y o n  C r e e k ,  u n n a m e d  

tributary to Crow Creek and Indian Creek (Figure 11-5). The 

I n v e s t i g a t i o n  o f  t h e  H o r s e  C r e e k  s e c t i o n  i s  p r e s e n t e d  I n  

d e t a i l  i n  t h e  f o l l o w i n g  p a r a g r a p h  a s  a n  e x a m p l e  o f  t h e  

d e s c r i p t i o n s  g i v e n  i n  A r r i g o  ( 1 9 8 2 ) .  

T h e  s e c t i o n  o f  H o r s e  C r e e k  t h a t  w a s  m e a s u r e d  f l o w s  o v e r  

t h e  T w i n  C r e e k  a n d  N u g g e t  F o r m a t i o n s .  T h e  g e o l o g y  o f  t h e  

H o r s e  C r e e k  a r e a  a n d  t h e  l o c a t i o n  o f  s t r e a m  f l o w  m e a s u r e m e n t  

s i t e s  a r e  s h o w n  o n  F i g u r e  I  1 - 6 .  A  g e o l o g i c  c r o s s - s e c t i o n  

t h r o u g h  t h e  H o r s e  C r e e k  a r e a ,  a l o n g  t h e  l i n e  X - X '  s h o w n  o n  

F i g u r e  1 1 - 6 ,  I s  p r e s e n t e d  o n  F i g u r e  1 1 - 7 .  T r i a s s i c ,  J u r a s s i c  

a n d  T e r t i a r y  F o r m a t i o n s  a r e  e x p o s e d  I n  t h e  a r e a  s h o w n  o n  
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Table 11-2. The name, location, date measured, exposed formation, 
number of measurements and type of access for stream 
gain-loss sites in southeast Idaho. 

Site 
Date Exposed Number of 

Measured Formation Measurements Access 

y 

n  
t . J  

Horse Creek 9-21-81 Jt, Jn 3 
7S 46E 20 

Terrace Canyon Creek 9-22-81 Jt, Jn 3 
6S 45E 28 & 27 

Unnamed Tributary to 9-22-81 Jp, Jt 2 
Crow Creek 
10S 46E 35 

Indian Creek 9-23-81 Jn, Jt 4 
15S 46E 19, 20 & 30 

Burns Canyon Creek 9-20-81 Mm 2 
3N 43E 6 & 12 

Burbank Creek 9-9-81 Mm 2 
2N 46E 9 

Paris Creek 7-14-80 6bo, 6bl 7 
14S 42E 13 7-15-80 6u, 61, 6q 
14S 43E 18 

Worm Creek 7-16-80 6s, 6n, 5 
15S 43E 6 & 5 Sbo, Gbl 

Saint Charles Creek 7-17-80 0s, Og 3 
15S 42E 26 & 24 

Fish Haven Creek 9-24-81 Og, 6s, 6n 5 

Hike 

Hike 

Pickup 

Pickup 

Hike 

H i  k e  

Pickup 

Pickup and 
Hike 

Pickup 

Pickup 
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Figure 11-6. Geology of Horse Creek area from Arrigo (1982). 
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Figure 11-7. Cross-section of Horse Creek area from Arrigo (1982). 
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F i g u r e  1 1 - 6 .  D i r e c t l y  w e s t  o f  t h i s  a r e a  l i e s  t h e  a x i s  o f  a  

n o r t h - s o u t h - t r e n d  I n g  a n t i c l i n e .  T h u s ,  f o r m a t i o n s  I n  t h e  a r e a  

g e n e r a l l y  d i p  t o  t h e  e a s t .  T h e  m a i n  s t r u c t u r a l  f e a t u r e s  I n  

t h e  a r e a  a r e  t w o  b r a n c h e s  o f  a  n o r t h w e s t - t r e n d i n g  t h r u s t  

f a u l t .  T h e  t h r u s t  f a u l t  d i p s  t o  t h e  w e s t .  T h e  w e s t e r n  

t h r u s t  f a u l t  p l a c e s  u n d i f f e r e n t i a t e d  T e r t i a r y  f o r m a t i o n s  

u n c o n f o r m a b I y  o v e r  t h e  N u g g e t  F o r m a t i o n  a n d  t h e  e a s t e r n  

t h r u s t  f a u l t  p l a c e s  t h e  o l d e r  N u g g e t  F o r m a t i o n  o n  t o p  o f  t h e  

y o u n g e r  T w i n  C r e e k  F o r m a t i o n  ( s e e  F i g u r e  1 1 - 7 ) .  O n  t h e  

eastern side of Figure 11-6, terrace deposits lap against the 

T w i n  C r e e k  F o r m a t i o n .  T h e s e  p o o r l y - c o n s o l i d a t e d  s e d i m e n t s  

a r e  p a r t  o f  t h e  T e r t i a r y  S a l t  L a k e  F o r m a t i o n .  

T h r e e  s t r e a m  f l o w  m e a s u r e m e n t s  w e r e  t a k e n  o n  H o r s e  

Cre e k .  T h e  o b j e c t i v e  o f  m e a s u r i n g  f l o w  a t  H o r s e  C r e e k  w a s  t o  

o b t a i n  m e a s u r e d  f l o w  a c r o s s  t h e  N u g g e t  a n d  T w i n  C r e e k  

F o r m a t i o n s .  T h e  f i r s t  m e a s u r e m e n t  s i t e  w a s  l o c a t e d  w h e r e  

t h e  c r e e k  s t a r t s  t o  f l o w  o v e r  t h e  N u g g e t  F o r m a t i o n .  T h e  

s e c o n d  s i t e  w a s  p l a c e d  d o w n s t r e a m ,  a t  a p p r o x i m a t e l y  t h e  

N u g g e t - T w i n  C r e e k  c o n t a c t .  T h i s  c o n t a c t  i s  t h e  t r a c e  o f  t h e  

t h r u s t  f a u l t .  T h e  t h i r d  m e a s u r e m e n t  s t a t i o n  w a s  l o c a t e d  

d o w n s t r e a m  o f  t h e  s e c o n d  s i t e  w h e r e  t h e  T w i n  C r e e k  F o r m a t i o n  

I s  e x p o s e d  I n  t h e  c h a n n e l .  S t r e a m  g a i n - l o s s  d a t a  f o r  H o r s e  

C r e e k  a r e  l i s t e d  o n  T a b l e  1 1 - 3 .  

S t r e a m  f l o w  d a t a  f r o m  H o r s e  C r e e k  s h o w  a  s t r o n g  

Ind i c a t i o n  t h a t  b o t h  t h e  N u g g e t  a n d  t h e  T w i n  C r e e k  F o r m a t i o n s  

h a v e  z o n e s  o f  h i g h  h y d r a u l  I c  c o n d u c t i v i t y .  S t r e a m  f l o w  
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T a b l e  1 1 - 3 .  S t r e a m  g a i n - l o s s  d a t a  f o r  H o r s e  C r e e k  

D i s c h a r g e  D i f f e r e n c e  C h a n g e  I n d i c a t i o n  E x p o s e d  
S i t e  ( l / s )  (  l / s )  ( % )  o f  H i g h  K  F o r m a t i o n  

A  2 4  
- 5  - 2 1  s t r o n g  

+ 1 1 0  s t r o n g  

J  n  
B  1  9  

+ 21  J t  
C  4 0  

d e c r e a s e d  c o n s i d e r a b l y  b e t w e e n  s i t e s  A  a n d  B  b e c a u s e  o f  w a t e r  

entering the Nugget Formation. A large amount of ground 

w a t e r  d i s c h a r g e d  I n t o  t h e  s t r e a m  f r o m  t h e  T w i n  C r e e k  

F o r m a t i o n  b e t w e e n  s i t e s  B  a n d  C .  I t  I s  p o s s i b l e  t h a t  t h e  

t h r u s t  f a u l t  I n  t h e  a r e a  c r e a t e s  a  z o n e  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  d u e  t o  f r a c t u r i n g .  D i s t i n c t  d i s c h a r g e  o r  

r e c h a r g e  p o i n t s  w e r e  n o t  I d e n t i f i a b l e  a l o n g  t h e  s e c t i o n  o f  

H o r s e  C r e e k  t h a t  w a s  m e a s u r e d .  

S t r e a m  f l o w  d a t a  f r o m  T e r r a c e  C a n y o n  C r e e k  s h o w  a  

m o d e r ate Indication of high hydraulic conductivity for the 

N u g g e t  F o r m a t i o n .  T h e  d a t a  a l s o  s h o w  a  s t r o n g  I n d i c a t i o n  o f  

h i g h  h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  T w i n  C r e e k  F o r m a t i o n .  

Stream flow Increased between measurement sites over both 

units; ground water discharged from the Nugget and Twin Creek 

F o r m a t i o n s  I n t o  t h e  s t r e a m .  I t  I s  p o s s i b l e  t h a t  a  t h r u s t  

f a u l t  I n  t h e  a r e a  I s  a  s i g n i f i c a n t  c o n t r o l  f o r  g r o u n d  w a t e r  
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f l o w .  T h e  o c c u r r e n c e  o f  a  s p r i n g  n e a r  t h e  t h r u s t  f a u l t  

I n d i c a t e s  t h a t  t h e  f a u l t  h a s  c r e a t e d  a  z o n e  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  t h r o u g h  w h i c h  g r o u n d  w a t e r  d i s c h a r g e s .  

The section of the unnamed tributary to Crow Creek that 

w a s  m e a s u r e d  f l o w s  o v e r  t h e  T w i n  C r e e k  F o r m a t i o n .  S t r e a m  

flow was estimated to be approximately equal at each of the 

t w o  m e a s u r e m e n t  s i t e s .  D a t a  d o  n o t  s h o w  a n y  I n d i c a t i o n  o f  

h i g h  h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  T w i n  C r e e k  F o r m a t i o n  a t  

t h i s  s I t e .  

F o u r  s t r e a m  f l o w  m e a s u r e m e n t s  w e r e  t a k e n  o n  I n d i a n  

C r e e k .  T h e  o b j e c t i v e  o f  t h e  m e a s u r e m e n t  p l a c e m e n t  w a s  t o  

obtain a measured flow across the Twin Creek and Nugget 

F o r m a t i o n s .  S t r e a m  f l o w  a c r o s s  t h e  T w i n  C r e e k  F o r m a t i o n  

s l i g h t l y  I n c r e a s e d  b u t  d o e s  n o t  I n d i c a t e  h i g h  h y d r a u l i c  

c o n d u c t i v i t y .  T h e  s m a l l  g a i n  I n  s t r e a m  f l o w  m e a s u r e d  a c r o s s  

t h e  N u g g e t  F o r m a t i o n  m a y  b e  t h e  r e s u l t  o f  w a t e r  d i s c h a r g i n g  

f r o m  a  z o n e  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  a l o n g  a  t h r u s t  

f a u l t .  I t  a p p e a r s  t h a t  s t r u c t u r a l  f e a t u r e s  a r e  t h e  p r i m a r y  

f a c t o r s  w h i c h  c o n t r o l  t h e  d i s t r i b u t i o n  o f  h y d r a u l i c  

c o n d u c t i v i t y  a t  t h e  I n d i a n  C r e e k  s i t e .  

The two study streams that flow over the MI ss I ss I pp I an 

M i s s i o n  C a n y o n  F o r m a t i o n  a r e  B u r n s  C a n y o n  C r e e k  a n d  B u r b a n k  

C r e e k  ( F i g u r e  1 1 - 5 ) .  T h e  s t r e a m  f l o w  d a t a  f r o m  t h e  t w o  

m e a s u r e m e n t  s i t e s  o n  B u r n s  C a n y o n  C r e e k  d o  n o t  s h o w  a n y  

I n d i c a t i o n  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  M i s s i o n  

C a n y o n  F o r m a t i o n .  S t r e a m  f l o w  d a t a  f r o m  t h e  t w o  m e a s u r e m e n t  
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s i t e s  o n  B u r b a n k  C r e e k  s h o w  a  s t r o n g  I n d i c a t i o n  o f  h i g h  

h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  M i s s i o n  C a n y o n  F o r m a t i o n .  

Stream flow Increased considerably across the Mission Canyon 

F o r m a t  I  o n .  

The four study streams that flow over Ordovlcian and 

C a m b r i a n  F o r m a t i o n s  a r e  P a r i s  C r e e k ,  W o r m  C r e e k ,  S t .  C h a r l e s  

C r e e k  a n d  F i s h  H a v e n  C r e e k  ( F i g u r e  1 1 - 5 ) .  S e v e n  s t r e a m  f l o w  

m e a s u r e m e n t s  w e r e  t a k e n  a t  P a r i s  C r e e k .  T h e  o b j e c t i v e  o f  t h e  

m e a s u r e m e n t  p l a c e m e n t  w a s  t o  o b t a i n  a  m e a s u r e d  f l o w  a c r o s s  

t h e  B l a c k s m i t h ,  U t e ,  L a n g s t o n  a n d  B r l g h a m  F o r m a t i o n s .  S t r e a m  

f l o w  d a t a  f o r  P a r i s  C r e e k  s h o w  n o  I n d i c a t i o n  o f  h i g h  

h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  B l a c k s m i t h  a n d  B r l g h a m  

F o r m a t i o n s .  A l s o ,  t h e  d a t a  s h o w  a  s t r o n g  I n d i c a t i o n  o f  h i g h  

hyraullc conductivity for the Ute Formation and a moderate 

I n d i c a t i o n  f o r  t h e  L a n g s t o n  F o r m a t i o n .  S t r e a m  f l o w  I n c r e a s e d  

a c r o s s  t h e  U t e  F o r m a t i o n  a n d  d e c r e a s e d  a c r o s s  t h e  L a n g s t o n  

F o r m a t i o n .  S t r e a m  f l o w  r e m a i n e d  u n c h a n g e d  a c r o s s  t h e  

B l a c k s m i t h  a n d  B r l g h a m  F o r m a t i o n s .  T h e s e  d a t a  I n d i c a t e  t h a t  

t h e  U t e  a n d  L a n g s t o n  F o r m a t i o n s  h a v e  z o n e s  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  I n  t h e  P a r i s  C r e e k  a r e a .  T h e  s p r i n g  a t  t h e  h e a d  

o f  P a r i s  C a n y o n  d i s c h a r g e s  f r o m  t h e  B l o o m l n g t o n  F o r m a t i o n .  

T h e  p r e s e n c e  o f  t h i s  s p r i n g  I n d i c a t e s  t h a t  t h e  B l o o m l n g t o n  

F o r m a t i o n  c o n t a i n s  a  z o n e  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y .  

F i v e  s t r e a m  f l o w  m e a s u r e m e n t s  w e r e  t a k e n  o n  W o r m  C r e e k .  

T h e  o b j e c t i v e  o f  t h e  m e a s u r e m e n t  p l a c e m e n t  w a s  t o  o b t a i n  a  
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m e a s u r e d  f l o w  a c r o s s  t h e  S a i n t  C h a r l e s ,  N o u n a n ,  B l o o m l n g t o n  

a n d  B l a c k s m i t h  F o r m a t i o n s .  I n d i c a t i o n  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  f o r  s t r e a m  g a i n - l o s s  d a t a  a t  W o r m  C e e k  a r e  a s  

f o l l o w s :  m o d e r a t e  f o r  t h e  S a i n t  C h a r l e s  F o r m a t i o n ,  s t r o n g  

f o r  t h e  N o u n a n  F o r m a t i o n ,  n o n e  f o r  t h e  B l o o m l n g t o n  F o r m a t i o n  

a n d  m o d e r a t e  f o r  t h e  B l a c k s m i t h  F o r m a t i o n .  S t r e a m  f l o w  

I n c r e a s e d  a c r o s s  t h e  S a i n t  C h a r l e s  F o r m a t i o n ,  d e c r e a s e d  

significantly across the Nounan Formation, remained unchanged 

a c r o s s  t h e  B l o o m l n g t o n  F o r m a t i o n  a n d  d e c r e a s e d  s l i g h t l y  

a c r o s s  t h e  B l a c k s m i t h  F o r m a t i o n .  

T h r e e  s t r e a m  f l o w  m e a s u r e m e n t s  w e r e  t a k e n  o n  S a i n t  

C h a r l e s  C r e e k .  T h e  o b j e c t i v e  o f  t h e  m e a s u r e m e n t  p l a c e m e n t  w a s  

t o  o b t a i n  a  m e a s u r e d  f l o w  a c r o s s  t h e  S w a n  P e a k  a n d  G a r d e n  

C i t y  F o r m a t i o n .  S t r e a m  f l o w  d a t a  s h o w  a  m o d e r a t e  I n d i c a t i o n  

o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  S w a n  P e a k  a n d  G a r d e n  

C i t y  F o r m a t i o n s .  A  m e a s u r e m e n t  c o u l d  n o t  b e  o b t a i n e d  n e a r  t h e  

S w a n  P e a k - G a r d e n  C i t y  c o n t a c t ;  t h e  f o r m a t i o n  a c r o s s  w h i c h  

f l o w  w a s  l o s t  t h u s  c a n n o t  b e  d e t e r m i n e d .  A  l a r g e  s p r i n g  

d i s c h a r g e s  f r o m  t h e  G a r d e n  C i t y  F o r m a t i o n  i n d i c a t i n g  t h a t  

t h i s  f o r m a t i o n  c o n t a i n s  a  z o n e  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y .  W i t h  t h e  I n c o m p l e t e  s t r e a m  f l o w  d a t a ,  o n l y  

t h e  p r e s e n c e  o f  t h e  s p r i n g  d i s c h a r g i n g  f r o m  t h e  G a r d e n  C i t y  

F o r m a t i o n  c a n  b e  u s e d  a s  a n  I n d i c a t i o n  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  I n  t h e  a r e a .  

F i v e  s t r e a m  f l o w  m e a s u r e m e n t s  w e r e  t a k e n  o n  F i s h  H a v e n  

C r e e k .  T h e  o b j e c t i v e  o f  t h e  m e a s u r e m e n t  p l a c e m e n t  w a s  t o  
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o b t a i n  a  m e a s u r e d  f l o w  a c r o s s  t h e  G a r d e n  C i t y ,  S a i n t  C h a r l e s ,  

N o u n a n  a n d  B l o o m l n g t o n  F o r m a t i o n s .  S t r e a m  g a i n - l o s s  d a t a  

show a strong Indication of high hydraulic conductivity for 

t h e  S a i n t  C h a r l e s  a n d  N o u n a n  F o r m a t i o n s .  S t r e a m  f l o w  

I n c r e a s e d  s i g n i f i c a n t l y  a c r o s s  b o t h  o f  t h e s e  f o r m a t i o n s .  

S t r e a m  f l o w  d a t a  d o  n o t  s h o w  a n y  I n d i c a t i o n  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  f o r  t h e  G a r d e n  C i t y  F o r m a t i o n .  H o w e v e r ,  t h e  

p r e s e n c e  o f  a  s p r i n g  d i s c h a r g i n g  f r o m  t h e  G a r d e n  C i t y  

. F o r m a t i o n  I n d i c a t e s  t h e  p r e s e n c e  o f  a  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  z o n e  w i t h i n  t h i s  f o r m a t i o n .  

G a i n - l o s s  d a t a  f r o m  t h e  s t r e a m  s e c t i o n s  m e a s u r e d  I n  

s o u t h e a s t e r n  I d a h o  a r e  s u m m a r i z e d  o n  T a b l e  1 1 - 4 .  T h e  

a n a l y s i s  o f  s t r e a m  g a i n - l o s s  d a t a  s h o w s  s t r o n g  I n d i c a t i o n s  o f  

h i g h  h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  T w i n  C r e e k  ( J t )  a n d  

N o u n a n  ( C n )  F o r m a t i o n s  a t  t w o  l o c a t i o n s .  A  s t r o n g  I n d i c a t i o n  

o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  w a s  a l s o  m e a s u r e d  f o r  t h e  

N u g g e t  ( J n ) ,  M i s s i o n  C a n y o n  ( M m ) ,  U t e  ( C u )  a n d  S w a n  P e a k  ( O s )  

F o r m a t i o n s .  M o d e r a t e  I n d i c a t i o n s  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  w e r e  o b s e r v e d  f o r  t h e  N u g g e t  ( J n )  a n d  G a r d e n  

City (Og) Formations at two locations and for the Twin Creek 

( J t ) ,  S w a n  P e a k  ( O s ) ,  S a i n t  C h a r l e s  ( C s ) ,  B l o o m l n g t o n  ( C b o ) ,  

B l a c k s m i t h  ( C b l )  a n d  L a n g s t o n  ( C I )  F o r m a t i o n s  a t  s i n g l e  

I o c a t I o n s .  

G i v e n  t h e  c o m p l e x  g e o l o g i c  s e t t i n g  o f  s o u t h e a s t e r n  

I d a h o ,  I t  I s  d i f f i c u l t  t o  d e t e r m i n e  w h e t h e r  t h e  I n d i c a t i o n s  
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Table 11-4. Summary of stream gain-loss data for stream sections measured in southeastern Idaho. 

C O  CT) 

Stream Name 

Horse Creek 

Terrace Canyon Creek 

Unnamed Tributary 
to Crow Creek 

Indian Creek 

Burns Canyon Creek 

Burbank Creek 

Paris Creek 

Worm Creek 

Saint Charles Creek 

Fish Haven Creek 

Exposed Formation 

Nugget (Jn) 
Twin Creek (Jt) 

Nugget (Jn) 
Twin Creek (Jt) 

Twin Creek (Jt) 

Twin Creek (Jt) 
Nugget (Jn) 

Mission Canyon (Mm) 

Mission Canyon (Mm) 

Bloomington (Sbo) 
Blacksmith (Gbl) 
Ute (Gu) 
Langs ton (Gl) 
Brighum (Gq) 

Saint Charles (Gs) 
Nounan (Gn) 
Bloomington (Gbo) 
Blacksmith (Gbl) 

Swan Peak (Os) 
Garden City (Og) 

Garden City (Og) 
Saint Charles (Gs) 
Nounan (Gn) 

Indication of 
High Hydraulic 
Conductivity* 

strong 
strong 

moderate 
strong 

none 
moderate 

none 

strong 

none 
none 
strong 
moderate 
none 

moderate 
strong 
none 
moderate 

moderate 
moderate 

none 
strong 
strong 

Other Indication 
of High Hydraulic 

Conductivity 

moderate (spring discharge) 

moderate (spring discharges) 

moderate (spring discharge) 

moderate (spring discharge) 

moderate (spring discharge) 

moderate (spring discharge) 

Structural Feature 
Affecting Hydraulic 

Conductivity 

fault 
fault 

faul t 
fault 

faul t 

syncline/fault 
fault 

fault 

none identifiable 

syncline 
syncline 
syncline 
syncline 
syncline 

syncline 
syncline 
syncline 
syncline 

sync 1i ne 
syncline 

syncline 
syncline 
syncline 

Indication of high hydraulic conductivity 
0-10 percent gain or loss equals no indication 
11-20 percent gain or loss equals moderate indication 
>20 percent gain or loss equals strong indication 
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o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  w i t h i n  a  f o r m a t i o n  r e p r e s e n t  a  

r e g i o n a l  p a t t e r n  o f  p r i m a r y  a n d  s e c o n d a r y  h y d r a u l i c  

c o n d u c t i v i t y  o r  l o c a l i z e d  z o n e s  c r e a t e d  b y  f a u l t i n g  a n d  

f o l d i n g .  S t r u c t u r a l  f e a t u r e s  a f f e c t i n g  h y d r a u l i c  

conductivity were Identified at practically all of the 

m e a s u r e d  s t r e a m  s e c t i o n s .  T h i s  s u g g e s t s  t h a t  s t r u c t u r a l  

f e a t u r e s  a r e  I m p o r t a n t  f a c t o r s  w h i c h  c o n t r o l  h y d r a u l i c  

c o n d u c t i v i t y  I n  s o u t h e a s t e r n  I d a h o .  

S p r i n g  I  n v e n t o r y .  T h e  l o c a t i o n ,  e l e v a t i o n  a n d  g e o l o g y  

o f  2 8 1  s p r i n g  s i t e s  w e r e  r e c o r d e d  f o r  t h e  s p r i n g  I n v e n t o r y .  

A  d e t a i l e d  l i s t  o f  s p r i n g  I n v e n t o r y  d a t a  I s  p r e s e n t e d  I n  

A r r l g o  ( 1 9 8 2 ) .  A  t o t a l  o f  f o r t y  7 . 5  m i n u t e  a n d  s i x  1 5  m i n u t e  

t o p o g r a p h i c  q u a d r a n g l e s  w e r e  e x a m i n e d  f o r  t h e  s p r i n g  

I n v e n t o r y .  T h e  p o r t i o n  o f  t h e  s t u d y  a r e a  c o v e r e d  b y  t h e  

s p r i n g  I n v e n t o r y  I s  s h o w n  o n  F i g u r e  1 1 - 8 .  M a n y  q u a d r a n g l e s  

I n  t h e  s t u d y  a r e a  c o u l d  n o t  b e  I n s p e c t e d  f o r  s p r i n g  

d i s c h a r g e s  b e c a u s e  o f  t h e  l a c k  o f  c o r r e s p o n d i n g  g e o l o g i c  

m a p s .  T h u s ,  t h e  i n v e n t o r y  I s  b i a s e d  t o w a r d  t h e  f o r m a t i o n s  o n  

t h e  q u a d r a n g l e s  e x a m i n e d .  T o  a d j u s t  f o r  t h e  b i a s ,  s p r i n g  

d a t a  f r o m  f o r m a t i o n s  t h a t  a r e  e x p o s e d  I n  a  l i m i t e d  a r e a  w e r e  

n o t  I n c l u d e d  I n  t h e  I n v e n t o r y .  S p r i n g s  w h i c h  d i s c h a r g e  f r o m  

a l l u v i u m ,  b a s a l t  o r  t h e  T e r t i a r y  S a l t  L a k e  F o r m a t i o n  w e r e  

a l s o  e x c l u d e d  f r o m  t h e  s p r i n g  I n v e n t o r y .  T h e  w a t e r - b e a r i n g  

c h a r a c t e r i s t i c s  o f  t h e s e  f o r m a t i o n s  a r e  k n o w n  f r o m  p r e v i o u s  

studies (Dion, 1969, 1974) and are only locally Important In 

t h e  h y d r o s t r a t I  g r a p h  I c  f r a m e w o r k  o f  s o u t h e a s t e r n  I d a h o .  
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EXPLANATION 

Shaded area indicates 
portion examined for 
the spring inventory. 

0 10 20 30 40 
1 i i i i Km. 

Figure 11-8. Area covered by spr ing inventory f  rom Arr igo (1982). 
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T h e  l o c a t i o n  o f  a  s p r i n g  d i s c h a r g e  I s  d e p e n d e n t  u p o n  

s t r a t i g r a p h y  a n d  s t r u c t u r e .  T h e  l l t h o l o g y  a n d  t h i c k n e s s  o f  a  

u n i t ,  a n d  t h e  p o s i t i o n  o f  a  p e r m e a b l e  u n i t  r e l a t i v e  t o  a n  

I m p e r m e a b l e  u n i t  a r e  s t r a t I g r a p h I c  f e a t u r e s  w h i c h  I n f l u e n c e  

t h e  l o c a t i o n  o f  s p r i n g  d i s c h a r g e s .  F a u l t s  a n d  f o l d s  a r e  

s t r u c t u r a l  f e a t u r e s  t h a t  a f f e c t  t h e  l o c a t i o n  o f  s p r i n g  

d i s c h a r g e s .  M a n y  s p r i n g s  a r e  s i t u a t e d  a l o n g  z o n e s  o f  h i g h  

hydraulic conductivity caused by faults or folds. The 

p r e s e n c e  o f  s t r u c t u r a l  f e a t u r e s  a t  o r  n e a r  a  s p r i n g  s i t e  w a s  

r e c o r d e d  f o r  t h e  s p r i n g  I n v e n t o r y  t o  a i d  I n  d e s c r i b i n g  t h e  

f a c t o r s  w h i c h  c o n t r o l  h y d r a u l i c  c o n d u c t i v i t y .  

A  c l a s s i f i c a t i o n  s y s t e m  w a s  d e v e l o p e d  f o r  t h i s  s t u d y  t o  

a i d  t h e  a n a l y s i s  o f  s p r i n g  I n v e n t o r y  d a t a .  T h e  

c l a s s i f i c a t i o n  s y s t e m  I s  b a s e d  o n  t h e  t o t a l  n u m b e r  o f  s p r i n g s  

determined to be discharging from each formation. The number 

o f  s p r i n g s  d i s c h a r g i n g  f r o m  a  f o r m a t i o n  w a s  u s e d  t o  q u a n t i f y  

w h e t h e r  I n v e n t o r y  d a t a  s h o w  a  w e a k ,  m o d e r a t e  o r  s t r o n g  

I n d i c a t i o n  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y .  F i v e  o r  l e s s  

s p r i n g s  d i s c h a r g i n g  f r o m  a  f o r m a t i o n  r e p r e s e n t s  a  w e a k  

I n d i c a t i o n  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y .  A  t o t a l  o f  s i x  t o  

t e n  s p r i n g s  d i s c h a r g i n g  f r o m  a n  I n d i v i d u a l  f o r m a t i o n  I s  

c o n s i d e r e d  a  m o d e r a t e  I n d i c a t i o n  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y .  G r e a t e r  t h a n  t e n  s p r i n g s  d i s c h a r g i n g  f r o m  a  

f o r m a t i o n  r e p r e s e n t s  a  s t r o n g  I n d i c a t i o n  o f  h i g h  h y d r a u l i c  

c o n d u c t  I v I t y .  
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A summary of spring Inventory data Is presented on Table 

11-5. This table l ists each formation and the number of 

s p r i n g s  f o u n d  d i s c h a r g i n g  f r o m  e a c h  f o r m a t i o n .  I n d i c a t i o n s  

o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  a r e  a l s o  s h o w n  o n  T a b l e  1 1 - 5 .  

A  s t r o n g  I n d i c a t i o n  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  w a s  

c a l c u l a t e d  f o r  t h e  f o l l o w i n g  f o r m a t i o n s :  K l r k h a m  H o l l o w  

( T k ) ,  F r o n t i e r  ( K f ) ,  G a n n e t t  ( K g ) ,  T h a y n e s  ( T r t ) ,  D l n w o o d y  

(Trd), Wells (PPw), Bloomtngton (Cbl) and Brlgham (Cq). For 

the following formations, the spring Inventory showed a 

m o d e r a t e  I n d i c a t i o n  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y :  W a y a n  

( K w ) ,  B e a r  R t v e r  ( K b ) ,  T w i n  C r e e k  ( J t ) ,  P h o s p h o r i a  ( P p ) ,  

Mission Canyon (Mm), Gallatin (Cq), and Nounan (Cn). The 

s p r i n g  I n v e n t o r y  s h o w e d  a  w e a k  i n d i c a t i o n  o r  n o  i n d i c a t i o n  o f  

h i g h  h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  r e m a i n i n g  f o r m a t i o n s  o n  

T a b l e  I I - 5 .  

T h e  n u m b e r  a n d  p e r c e n t  o f  s p r i n g s  a s s o c i a t e d  w i t h  

s t r u c t u r a l  f e a t u r e s  a r e  a l s o  s h o w n  o n  T a b l e  1 1 - 5 .  O f  t h e  2 8 1  

springs recorded for the spring inventory, 162 or 58 percent 

w e r e  l o c a t e d  a t  o r  n e a r  s t r u c t u r a l  f  e a t u r e s .  G I  v e n  t h e  h i g h  

d e g r e e  o f  f a u l t i n g  a n d  f o l d i n g  i n  s o u t h e a s t e r n  I d a h o ,  I t  I s  

p r o b a b l e  t h a t  t h e  m a j o r i t y  o f  s p r i n g s  I n  t h e  s t u d y  a r e a  a r e  

a s s o c i a t e d  w i t h  s t r u c t u r a l  f e a t u r e s .  M i n o r  f a u l t s  a n d  f o l d s  

a r e  t o o  n u m e r o u s  t o  b e  s h o w n  o n  g e o l o g i c  m a p s ;  t h u s ,  I t  w a s  

n o t  p o s s i b l e  t o  r e c o r d  t h e  p r e s e n c e  o f  s m a l l  f a u l t s  o r  f o l d s  

that may be affecting some spring sites. The large number of 

40 



Table 11 - 5. Summary of spring inventory data from southeastern Idaho. 

Springs Associated 
Indication of with Structural 

Number of High Hydraulic Features 
Formation Name Spri ngs Conductivity* Number 0 /  

/ o  

Kirkham Hollow (Tk) 20 strong 0 0 
Wasatch (Tw) 0 - 0 0 
Wayan (Kw) 9 moderate 4 44 
Frontier (Kf) 18 strong 10 55 
Aspen (Ka) 3 weak 1 33 
Bear River (Kb) 9 moderate 2 22 
Gannett (Kg) 16 strong 11 69 
Stump (Js) 2 weak 1 50 
Preuss (Jp) 4 weak 4 100 
Twin Creek (Jt) 9 moderate 6 66 
Nugget (Jn) 2 weak 1 50 
Ankareh (Tra) 5 weak 3 60 
Thaynes (Trt) 29 strong 22 76 
Woodside (Trw) 1 weak 0 0 
Dinwoody (Trd) 34 strong 23 68 
Phosphoria (Pp) 8 moderate 5 63 
Wells (PPw) 31 strong 23 74 
Tensleep (PPt) 5 weak 4 80 
Amsden (PPa) 1 weak 0 0 
Mission Canyon (Mm) 10 moderate 7 70 
Lodgepole (Ml) 5 weak 3 60 
Darby (Dd) 2 weak 0 0 
Beirdneau (Db) 0 0 0 
Hyrum (Dh) 0 - 0 0 
Laketown (SI) 0 _ 0 0 
Bighorn (Ob) 0 - 0 0 
Fish Haven (Of) 0 _ 0 0 
Swan Peak (0s) 4 weak 2 50 
Garden City (Og) 5 weak 1 20 
Gallatin (Gg) 7 moderate 7 100 
Saint Charles (Gs) 2 weak 1 50 
Nounan (Gn) 6 moderate 3 50 
Gros Ventre (Ggv) 1 weak 0 0 
Bloomington (Gbo) 12 strong 9 75 
Blacksmith (Gbl) 2 weak 1 50 
Ute (Gu) 0 - 0 0 
Langston (Gl) 2 weak 1 50 
Brigham (Gq) 17 strong 7 41 
Total 281 

strong 
162 58 

* Indication of high hydraulic conductivity 
0-5 springs equal weak indication 
6-10 springs equal moderate indication 
>10 springs equal strong indication 
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s p r i n g s  s i t u a t e d  a t  o r  n e a r  s t r u c t u r a l  f e a t u r e s  s u g g e s t s  

structural features are Important factors which control the 

l o c a t i o n  o f  s p r i n g s  I n  s o u t h e a s t e r n  I d a h o .  

Int9rpretallfl. i l a! Regalia 

E s t i m a t e s  o f  t h e  h y d r a u l i c  c o n d u c t i v i t y  o f  I n d i v i d u a l  

f o r m a t i o n s  I n  s o u t h e a s t e r n  I d a h o  b a s e d  o n  s t r e a m  g a i n - l o s s  

d a t a  a n d  s p r i n g  I n v e n t o r y  d a t a ,  a r e  p r e s e n t e d  o n  T a b l e  1 1 - 6 .  

T h i s  t a b l e  l i s t s  t h e  I n d i c a t i o n s  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  t h a t  w e r e  d e t e r m i n e d  f r o m  s t r e a m  g a i n - l o s s  

m e a s u r e m e n t s  a n d  t h e  s p r i n g  I n v e n t o r y .  A r r l g o  ( 1 9 8 2 )  

p r e s e n t s  d e t a i l s  c o n c e r n i n g  t h e  f o r m u l a t i o n  o f  T a b l e  I I - 6 .  

T h e  f a c t o r s  c o n t r o l l i n g  h y d r a u l i c  c o n d u c t i v i t y .  I f  

I d e n t i f i a b l e ,  a r e  s h o w n  f o r  e a c h  f o r m a t i o n  I n  T a b l e  I I - 6 .  

T h i s  c l a s s i f i c a t i o n  I s  b a s e d  u p o n  t h e  p e r c e n t a g e  o f  s p r i n g s  

I n v e n t o r i e d  a s s o c i a t e d  w i t h  s t r u c t u r a l  f e a t u r e s .  

T h e  h y d r o s t r a t i g r a p h i c  c o n t r o l s  w h i c h  I n f l u e n c e  t h e  

m o v e m e n t  o f  g r o u n d w a t e r  I n  s o u t h e a s t  I d a h o  w e r e  I d e n t i f i e d  

b y  e s t i m a t i n g  t h e  r e l a t i v e  h y d r a u l i c  c o n d u c t i v i t y  o f  

i n d i v i d u a l  f o r m a t i o n s  a n d  t h e  c o n t r o l s  o n  h y d r a u l i c  

c o n d u c t i v i t y .  T h e  c o n s i s t e n c y  o f  a n d  t h e  c o n t r o l s  o n  

h y d r a u l i c  c o n d u c t l v t y  w e r e  e v a l u a t e d  u s i n g  s t r e a m f l o w  d a t a  t o  

t e s t  t h e  h y p o t h e s i s  t h a t  t h e  h y d r o s t r a t I  g r a p h  I c  c o n t r o l s  o n  

g r o u n d w a t e r  f l o w  a r e  a r e a l l y  c o n s i s t e n t .  S t r e a m  f l o w  w a s  

m e a s u r e d  a c r o s s  t h e  T w i n  C r e e k  F o r m a t i o n  a t  f o u r  s i t e s ,  t h e  

N u g g e t  F o r m a t i o n  a t  t h r e e  s i t e s ,  a n d  t w i c e  a c r o s s  t h e  G a r d e n  
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Table II-6. Estimation of relative hydraulic conductivity and factors controlling hydraulic conductivity 
for the formations in southeast Idaho, based on stream gain-loss and spring inventory data. 

Stream Gain-Loss Oata 

-p> 
co 

Formation Name 

Kirkham Hollow (Tk) 
Wasatch (Tw) 
Wayan (Kw) 
Frontier (Kf) 
Aspen (Ka) 
Bear River (Kb) 
Gannett (Kg) 
Stump (Js) 
Preuss (Jp) 
Twin Creek (Jt) 

Nugget (Jn) 

Ankareh (Tra) 
Thaynes (Trt) 
Woodside (Trw) 
Dinwoody (Trd) 
Phosphoria (Pp) 
Wells (PPw) 
Tensleep (PPt) 
Amsden (PPa) 
Mission Canyon (ttn) 

Lndgepole (Ml) 
Darby (Dd). 
Beirdneau (Db) 
Hyrum (Dh) 
Laketown (SI) 
Bighorn (Ob) 
Fish Haven (Of) 
Swan Peak (Os) 

Indication 
of High 

Hydraul 1c 
Conductivity 

strong 
strong 
none 
moderate 
strong 
moderate 
moderate 

none 
strong 

Structural 
Feature 

Affecting 
Hydraulic 

Conductivi ty 

Spring Inventory Data 

fault 
fault 
fault 
syncline/faul t 
fault 
fault 
fault 

fault 
none 
identifiable 

moderate syncline 

Indication 
of High 

Hydraulic 
Conductivi ty 

strong 

moderate 
strong 
weak 
moderate 
strong 
weak 
weak 
moderate 

weak 

weak 
st. rong 
weak 
strong 
moderate 
strong 
weak 
weak 
moderate 

weak 
weak 

weak 

Percent Springs 
Associated with 

Structural 
Features 

0  

44 
55 
33 
22 
69 
50 

100 
66 

50 

6 0  
76 
0  

68 
63 
74 
80 

70 

6 0  
0  

50 

Estimate of 
Relative 
Hydraulic 

Conduct ivi ty 

high 
not estimated 
medi urn 
high 
low 
medium 
high 
low 
low 
mediun to high 

low to high 

low 
high 
low 
high 
medium 
high 
low 
low 
medium to high 

low 
low 
not estimated 
not estimated 
not estimated 
not estimated 
not estimated 
low to medium 

Factor Controlling 
Hydraulic Conductivity 

stratigraphy 
none identifiable 
stratigraphy/structure 
structure/stratigraphy 
stratigraphy/strueture 
stratigraphy 
structure/stratigraphy 
structure/strati graphy 
structure 
structure/strati graphy 

structure/stratigraphy 

structure/stratigraphy 
structure 
stratigraphy 
structure/stratigraphy 
structure/strati graphy 
structure/stratigraphy 
structure 
stratigraphy 
structure/stratigraphy 

structure/stratigraphy 
stratigraphy 
none identifiable 
none identifiable 
none identifiable 
none identifiable 
none identifiable 
structure/strati graphy 



T a b l e  1 1 - 6 -  C o n t i n u e d .  

Stream Gain-Loss Data 
Structural 

Indication Feature 
of High Affecting 

Hydraulic Hydraulic 
Formation Name Conductivity Conductivity 

Garden City (Og) moderate syncline 
I I  

moderate syncline 
Gallatin (Gg) - -

Saint Charles (Gs) moderate syncline 

Nounari (Gn) 
strong syncline 

Nounari (Gn) strong syncline 
" strong syncline 

Gros Ventre (Ggv) - -

Bloomington (Gbo) moderate sync 1ine 
none syncline 

Blacksmith (Gbl) none syncline 

Ute (Gu) 
moderate syncline 

Ute (Gu) strong syncline 
Langston (G1) moderate syncline 
Brigham (Gq) none syncline 

Spjrinq Inventory Data 
Indication Percent Springs Estimate of 
of High Associated with Relative 

Hydraulic Structural Hydraulic 
Conductivity Features Conductivity 

weak 

moderate 
weak 

moderate 

weak 
strong 

20 

100 
50 

50 

0 
75 

low to medium 

medium 
low to high 

medium to high 

low 
medium to high 

Factor Controlling 
Hydraulic Conductivity 

stratigraphy 

structure 
structure/stratigraphy 

structure/stratigraphy 

stratigraphy 
structure 

weak 

strong 
strong 

50 

50 
41 

low to medium 

high 
medium to high 
high 

structure/stratigraphy 

stratigraphy 
structure/stratigraphy 
stratigraphy/structure 



C i t y ,  S a i n t  C h a r l e s ,  N o u n a n ,  B l o o m i n g t o n  a n d  B l a c k s m i t h  

F o r m a t i o n s .  T h e  d a t a  s u g g e s t  t h a t  t h e  h y d r a u l i c  

c o n d u c t i v i t y  o f  m o s t  o f  t h e  f o r m a t i o n s  I s  n o t  a r e a l l y  

c o n s  I  s t e n t .  

T h e  a r e a l  c o n s i s t e n c y  o f  h y d r a u l i c  c o n d u c t i v i t y  w a s  

a l s o  e v a l u a t e d  b y  e x a m i n i n g  t h e  e s t i m a t e s  o f  h y d r a u l i c  

c o n d u c t i v i t y .  T h e  f o r m a t i o n s  I n  T a b l e  1 1 - 6  e s t i m a t e d  t o  

h a v e  h i g h  h y d r u a l l c  c o n d u c t i v i t y  a r e  c o m p o s e d  o f  e i t h e r  

s a n d s t o n e  o r  l i m e s t o n e ,  w i t h  t h e  e x c e p t i o n  o f  t h e  K l r k h a m  

H o l l o w  a n d  B r l g h a m  F o r m a t i o n s ,  w h i c h  a r e  c o m p o s e d  o f  

r h y o l l t e  a n d  q u a r t z l t e ,  r e s p e c t i v e l y .  T h e  f o r m a t i o n s  I n  

T a b l e  1 1 - 6  e s t i m a t e d  t o  h a v e  l o w  h y d r a u l i c  c o n d u c t i v i t y  a r e  

c o m p o s e d  o f  e i t h e r  s h a l e ,  s t l t s t o n e ,  s a n d s t o n e  I n t e r b e d d e d  

w i t h  s l l t s t o n e  o r  l i m e s t o n e  I n t e r b e d d e d  w i t h  s l l t s t o n e .  

F o r m a t i o n s  e s t i m a t e d  t o  h a v e  l o w  h y d r a u l i c  c o n d u c t i v i t y  t h a t  

h a v e  d i f f e r e n t  l i t h o l o g i e s  a r e  t h e  T e n s l e e p  F o r m a t i o n  w h i c h  

I s  c o m p o s e d  o f  q u a r t z l t e ,  a n d  t h e  L o d g e p o l e  F o r m a t i o n  w h i c h  

c o n s i s t s  o f  l i m e s t o n e  a n d  d o l o m i t e .  T h i s  I n f o r m a t i o n  

I n d i c a t e s  t h a t  l l t h o l o g y  I s  a  c o n t r o l  o n  h y d r a u l i c  

c o n d u c t i v i t y  I n  s o u t h e a s t  I d a h o .  

T h e  s t r o n g e s t  I n d i c a t i o n  o f  a r e a l  c o n s i s t e n c y  I s  

o b t a i n e d  f r o m  a n  e x a m i n a t i o n  o f  l l t h o l o g y .  I n  s o u t h e a s t  

I d a h o ,  t h e  f o r m a t i o n s  t h a t  a r e  c o m p o s e d  o f  e i t h e r  s a n d s t o n e  

o r  l i m e s t o n e  g e n e r a l l y  h a v e  r e l a t i v e l y  h i g h  h y d r u a l l c  

c o n d u c t i v i t y .  F o r m a t i o n s  t h a t  a r e  c o m p o s e d  o f  e i t h e r  s h a l e ,  

s l l t s t o n e ,  s a n d s t o n e  I n t e r b e d d e d  w i t h  s l l t s t o n e  o r  l i m e s t o n e  
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* 

i n t e r b e d d e d  w i t h  s l l + s + o n e  g e n e r a l l y  h a v e  r e l a t i v e l y  l o w  

h y d r a u l i c  c o n d u c t i v i t y .  
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C H A P T E R  I  I  I  

H Y D R O G E O L O G I C  R E C O N N A I S S A N C E  O F  T H E  N O R T H E R N  S U B A R E A  

lnlns duc±i£ii 

T h i s  p o r t i o n  o f  t h e  s t u d y  I s  a  h y d r o g e o l o g l c  

r e c o n n a i s s a n c e  o f  t h e r m a l  a n d  n o n - t h e r m a l  g r o u n d  w a t e r  f l o w  

s y s t e m s  I n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  p r o j e c t  a r e a  ( F i g u r e s  

1 - 1  a n d  1 1 1 - 1 ) .  T h e  n o r t h e r n  s u b a r e a  I n c l u d e s  a p p r o x i m a t e l y  

3 8 0 0  s q u a r e  k i l o m e t e r s  a n d  I s  l o c a t e d  p r e d o m i n a n t l y  I n  

B o n n e v i l l e  C o u n t y ,  w i t h  s m a l l e r  p o r t i o n s  I n  C a r i b o u ,  

J e f f e r s o n  a n d  M a d i s o n  C o u n t i e s ,  I d a h o  a n d  L i n c o l n  C o u n t y ,  

W y o m i n g .  

WfililjQil S t u d y  

T h e  m e t h o d  o f  s t u d y  d e s c r i b e d  I n  t h i s  s e c t i o n  w a s  

f o l l o w e d  f o r  a l l  o f  t h e  s u b a r e a  s t u d i e s .  S p r i n g s  w e r e  

I n i t i a l l y  I d e n t i f i e d  b y  e x a m i n i n g  U S G S  t o p o g r a p h i c  m a p s ,  

F o r e s t  S e r v i c e  m a p s ,  o r  b y  w o r d  o f  m o u t h  b y  p e o p l e  I n  t h e  

a r e a .  T h e  s p r i n g s  w e r e  t h e n  v i s i t e d  I n  t h e  f i e l d .  A l l  

s p r i n g s  o r  w e l l s  w a r m e r  t h a n  1 5 . 5  d e g r e e s  C e n t i g r a d e  w e r e  

s a m p l e d .  I n  a d d i t i o n ,  p e r e n n i a l  s p r i n g s  a s s o c i a t e d  w i t h  

m a j o r  f a u l t s  w e r e  a l s o  s a m p l e d .  

T h e  s u r r o u n d i n g  g e o l o g y  w a s  s t u d i e d  a t  e a c h  s i t e .  T h e  

w a t e r  t e m p e r a t u r e ,  p H ,  f i e l d  b i c a r b o n a t e  c o n c e n t r a t i o n  a n d  

s p e c i f i c  c o n d u c t i v i t y  o f  e a c h  s p r i n g  w a s  m e a s u r e d  I n  t h e  

f i e l d .  T h e  s p r i n g  d i s c h a r g e s  w e r e  e i t h e r  e s t i m a t e d  o r  
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I loo* : 30 T»e»e 

Figure 111-1. Boundary and geographic subdivisions of Caribou Range study 
area, southeastern Idaho and western Wyoming. 
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m e a s u r e d .  T e m p e r a t u r e  w a s  m e a s u r e d  w i t h  a  T a y l o r  t h e r m o m e t e r  

a c c u r a t e  t o  2 ° F  I n  t h e  1  9 8 0  f i e l d  s e a s o n  a n d  w i t h  a  V W R  

t h e r m o m e t e r  a c c u r a t e  t o  0 . 2 ° C  f o r  t h e  1 9 8 1  f i e l d  s e a s o n .  T h e  

p H  m e a s u r e m e n t  w a s  d o n e  w i t h  e i t h e r :  1 )  a  V W R  D i g i t a l  M i n i  p H  

m e t e r  m o d e l  4 5  w i t h  0 . 0 1  p H  r e s o l u t i o n  a n d  0 . 0 5  p H  

r e p r o d u c i b i l i t y ,  o r  2 )  a  C o r n i n g  m o d e l  3 D  p o r t a b l e  p H  m e t e r  

w i t h  0 . 0 1  p H  r e s o l u t i o n  a n d  0 . 0 2  p H  r e p r o d u c i b i l i t y .  S a m p l e s  

f o r  t h e  p H  d e t e r m i n a t i o n  w e r e  p l a c e d  I n  a  b e a k e r  t o  s t i l l  t h e  

w a t e r  b e f o r e  t a k i n g  a  r e a d i n g .  T h e  p H  m e t e r s  w e r e  c a l i b r a t e d  

w i t h  p H  4  a n d  p H  7  b u f f e r e d  t e s t  s o l u t i o n s  b e f o r e  e a c h  

d e t e r m i n a t i o n .  S p e c i f i c  e l e c t r i c a l  c o n d u c t a n c e  w a s  

d e t e r m i n e d  w i t h  a  H a c h  m o d e l  1 6 3 0 0  m e t e r  w i t h  a n  a c c u r a c y  o f  

p l u s  o r  m i n u s  o n e  p e r c e n t  o f  f u l l  s c a l e .  T h i s  m e t e r  w a s  

c a l i b r a t e d  d a l l y  w i t h  a  H a c h  s t a n d a r d  s o l u t i o n .  A t  s e v e r a l  

s p r i n g  s i t e s  I t  w a s  n e c e s s a r y  t o  d i l u t e  t h e  s a m p l e  1 : 2  w i t h  

d e l o n i z e d  w a t e r  t o  o b t a i n  a n  o n - s c a l e  r e a d i n g .  B i c a r b o n a t e  

( H C O ^ )  c o n c e n t r a t i o n  w a s  d e t e r m i n e d  b y  h y d r o c h l o r i c  a c i d  

( H C I )  t i t r a t i o n  u s i n g  a  H a c h  d i g i t a l  t i t r a t o r .  T h e  t l t r a n t  

w a s  e i t h e r :  1 )  p r e p a r e d  b y  U n i v e r s i t y  o f  I d a h o  p e r s o n n e l ,  o r  

2 )  w a s  f r o m  H a c h  p r e - p a c k a g e d  c a r t r i d g e s .  B i c a r b o n a t e  

t i t r a t i o n s  w e r e  d o n e  u n t i l  t w o  a n a l y s e s  a g r e e d  w i t h i n  f i v e  

m g / l .  T h e  H C O ^  s a m p l e s  w e r e  a n a l y s e d  w i t h i n  f i v e  m i n u t e s  

a f t e r  t h e y  w e r e  c o l l e c t e d  a n d  c a r e  w a s  t a k e n  t o  p r e v e n t  u n d u e  

a e r a t i o n  o f  t h e  s a m p l e  d u r i n g  c o l l e c t i o n .  

D u p l i c a t e  w a t e r  s a m p l e s  w e r e  c o l l e c t e d  f o r  l a b o r a t o r y  
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a n a l y s i s .  D u r i n g  t h e  1 9 8 0  f i e l d  s e a s o n ,  s a m p l e s  w e r e  

c o l l e c t e d  I n  t h e  f o l l o w i n g  m a n n e r :  

1 .  T w o  2 5 0  m l  s a m p l e s ,  f i l t e r e d  a n d  a c i d i f i e d  t o  a  p H  o f  

l e s s  t h a n  t w o  w e r e  c o l l e c t e d  f o r  a t o m i c  a b s o r p t i o n  

s p e c t r o m e t r I c  a n a l y s i s  a n d  f o r  t h e  s u l f a t e  d e t e r m i n a t i o n .  

2 .  T w o  6 0  m l  f i l t e r e d  s a m p l e s  w e r e  c o l l e c t e d  f o r  f l u o r i d e  

a n d  c h l o r i d e  a n a l y s i s .  

3 .  A t  s e l e c t e d  s i t e s ,  w a t e r  s a m p l e s  w e r e  c o l l e c t e d  I n  t w o  

f o u r  o u n c e  a m b e r  g l a s s  b o t t l e s  f o r  d e u t e r I u m / o x y g e n - 1 8  

( D / 0 - 1 8 )  a n a l y s i s .  T h e s e  w e r e  f i l l e d  n e a r l y  t o  t h e  t o p ,  

l e f t  t o  c o o l ,  a n d  t h e n  s e a l e d  w i t h  p a r a f l n  t o  p r e v e n t  a n y  

a t m o s p h e r i c  e x c h a n g e  w i t h  t h e  s a m p l e .  

W a t e r  s a m p l e s  f r o m  t h e  1 9 8 1  f i e l d  s e a s o n  w e r e  t r e a t e d  I n  

t h e  s a m e  m a n n e r  e x c e p t  t h a t  I t  w a s  f o u n d  t o  b e  s u f f i c i e n t  t o  

c o l l e c t  o n l y  o n e  s e t  o f  2 5 0  m l  s a m p l e s  I n  a d d i t i o n  t o  t h e  

D / 0 - 1 8  s a m p l e s .  

C a r b o n - I s o t o p e  s a m p l e s  w e r e  o b t a i n e d  a t  s e l e c t e d  s i t e s .  

T h e s e  s a m p l e s  w e r e  g a t h e r e d  i n  t h e  f o l l o w i n g  m a n n e r :  

1 .  T w o  5 0  l i t e r  c a r b o y s  w e r e  f i l l e d  w i t h  s p r i n g  w a t e r ,  

f i l t e r e d  w h e n  n e c e s s a r y  t o  r e m o v e  o r g a n i c  m a t e r i a l s .  

2 .  S o d i u m  h y d r o x i d e  w a s  a d d e d  t o  a  m i n i m u m  p H  o f  1 2  t o  

c o n v e r t  a l l  b i c a r b o n a t e  t o  c a r b o n a t e .  

3 .  A n  e x c e s s  o f  b a r i u m  c h l o r i d e  w a s  a d d e d  t o  p r e c i p i t a t e  o u t  

a  I  I  c a r b o n a t e .  

4 .  S a m p l e s  w e r e  a l l o w e d  t o  s i t  o v e r n i g h t  w h i l e  t h e  

p r e c i p i t a t e  s e t t l e d  t o  t h e  b o t t o m .  
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t h e  S w a n - G r a n d  V a l l e y  l o w l a n d .  T h e  h i g h e s t  e l e v a t i o n  o f  t h i s  

a r e a  I s  a p p r o x i m a t e l y  2 0 0 0  m .  

T h e  C a r i b o u  R a n g e  I s  a  r u g g e d ,  m o u n t a i n o u s  a r e a  s o u t h  o f  

t h e  S w a n - G r a n d  -  V a  I  I e y  l o w l a n d .  I t  p a r a l l e l s  t h e  l o w l a n d  f o r  

m o r e  t h a n  8 0  k m .  T h e  m a x i m u m  e l e v a t i o n  o f  t h i s  a r e a  I s  2 9 8 8  

m  a t  C a r i b o u  M o u n t a i n .  S e v e n  o t h e r  p e a k s  I n  t h i s  a r e a  h a v e  

e l e v a t i o n s  o v e r  2 5 0 0  m .  T h e  s t r e a m s  I n  t h i s  a r e a  h a v e  c u t  

d e e p  c a n y o n s  I n t o  t h i s  m o u n t a i n  r a n g e .  

T h e  W i l l o w  C r e e k  h i l l s  f o r m  a  w e s t e r n  a n d  s o u t h w e s t e r n  

p o r t i o n  o f  t h e  s t u d y  a r e a .  T h i s  I s  a  h i l l y  r e g i o n  w i t h  l o c a l  

r e l i e f  o f  1 0 0  t o  1 5 0  m .  T h e  h i g h e s t  e l e v a t i o n  I s  1 9 8 0  m  n e a r  

H e r m a n  w i t h  a  g e n e r a l  s l o p e  t o w a r d  t h e  n o r t h w e s t  t o  t h e  C i t y  

o f  A m m o n  w h e r e  t h e  e l e v a t i o n  I s  1 5 2 0  m .  

G r a y s  L a k e  I s  I n  t h e  s o u t h e r n  p o r t i o n  o f  t h i s  a r e a .  

T h i s  m a r s h y  a r e a  w a s  o n c e  f l o o d e d  w i t h  w a t e r  b u t  a t  p r e s e n t  

h a s  o n l y  a  f e w  o p e n  p a t c h e s  o f  w a t e r .  T h e  e l e v a t i o n  o f  G r a y s  

L a k e  I s  1 9 5 0  m .  

A l l  s t r e a m s  I n  t h e  s t u d y  a r e a  a r e  t r i b u t a r y  t o  t h e  S n a k e  

R i v e r .  T h e  S n a k e  R i v e r  e n t e r s  t h e  s t u d y  a r e a  n e a r  A l p i n e ,  

W y o m i n g ,  f o l l o w s  t h e  S w a n - G r a n d  V a l l e y  l o w l a n d  n o r t h w e s t  t o  

t h e  S n a k e  P l a i n  w h e r e  I t  c h a n g e s  I t s  c o u r s e  t o  f l o w  t o w a r d  

t h e  s o u t h e a s t .  T h e  I m p o r t a n t  s t r e a m s  t h a t  d r a i n  t h e  s t u d y  

a r e a  a r e  T l n c u p  a n d  S a l t  R i v e r s ,  M c C o y ,  B e a r ,  F a l l ,  a n d  

W i l l o w  C r e e k s  a n d  G r a y s  L a k e  O u t l e t .  
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M e a n  a n n u a l  p r e c i p i t a t i o n  v a r i e s  f r o m  l e s s  t h a n  2 5  c m  I n  

t h e  n o r t h w e s t e r n  p o r t i o n  o f  t h e  s t u d y  a r e a  n e a r  A m m o n  t o  m o r e  

t h a n  8 9  c m  o n  s e v e r a l  o f  t h e  h i g h e r  m o u n t a i n s  s u c h  a s  B i g  E l k  

M o u n t a i n  o r  C a r i b o u  M o u n t a i n  ( U . S . D . I . ,  1 9 7 6 ) .  T h e  

p r e c i p i t a t i o n  g e n e r a l l y  I n c r e a s e s  t o w a r d  t h e  s o u t h e a s t .  

M o r e  t h a n  h a l f  o f  t h e  p r e c i p i t a t i o n  f a l l s  f r o m  O c t o b e r  t o  

M a r c h ,  w i t h  m o s t  o f  t h i s  a s  s n o w .  T h e  a v e r a g e  a n n u a l  

t e m p e r a t u r e s  a s  r e c o r d e d  a t  I d a h o  F a l l s ,  I r w i n ,  a n d  A f t o n  

a r e  5 . 3 ,  5 . 5 ,  a n d  2 . 9  d e g r e e s  C e l s i u s  ( U . S . D . C . ,  1 9 6 4 ) .  

iiy-drageolflay ol IJia itud_y Ansa 

T h e  r o c k s  w i t h i n  t h e  s t u d y  a r e a  r a n g e  I n  a g e  f r o m  

C a m b r i a n  t o  R e c e n t .  T h e  P a l e o z o i c  r o c k s  a r e  m o s t l y  m a r i n e  

l i m e s t o n e s ,  w i t h  s o m e  s a n d s t o n e  a n d  m i n o r  s h a l e s .  M e s o z o l c  

r o c k s  c o n s i s t  o f  a l t e r n a t i n g  l i m e s t o n e s ,  s a n d s t o n e ,  a n d  

s h a l e s .  C e n o z o l c  s t r a t a  c o n s i s t  o f  c o n g l o m e r a t e s ,  v o l c a n i c  

a s h ,  s a n d s t o n e ,  a l l u v i u m ,  a n d  c o l l u v l u m .  I g n e o u s  r o c k s  o f  

T e r t i a r y  a n d  Q u a t e r n a r y  a g e  c o n s i s t  o f  r h y o l f t e  t u f f s  a n d  

b a s a l t s .  A  h y d r o g e o I o g I c  c l a s s i f i c a t i o n  o f  t h e  f o r m a t i o n s  

I s  s h o w n  o n  T a b l e  1 1 - 6  b a s e d  u p o n  t h e  r e g i o n a l  s t u d y  o f  

h y d r o s t r a t l g r a p h y .  

T h e  g e o l o g y  o f  t h e  a r e a  I s  e x t r e m e l y  c o m p l e x  ( F i g u r e s  

I  I  1 - 2  a n d  I  I  I  — 3 ) .  T h e  a r e a  h a s  b e e n  I n t r i c a t e l y  f o l d e d  a n d  

f a u l t e d  d u r i n g  p e r i o d s  o f  t h r u s t i n g .  T h e  m o v e m e n t  w a s  t o w a r d  

t h e  n o r t h e a s t  w i t h  d i s p l a c e m e n t  I n  t h e  o r d e r  o f  1 6  t o  2 4  k m  
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5 .  T h e  s u p e r n a + e  w a s  t h e n  d e c a n t e d  a n d  t h e  p r e c i p i t a t e  

t r a n s f e r r e d  t o  o n e  l i t e r  N a l g e n e  c o n t a i n e r s .  S a m p l e s  o f  

1 3  
c a r b o n a t e  r o c k  m a t e r i a l  w e r e  s e n t  f o r  C  a n a l y s i s  t o  a i d  

14 
i n  t h e  i n t e r p r e t a t i o n  o f  t h e  C  a g e s .  

T h e  d e u t e r i u m  a n d  o x y g e n  1 8  s a m p l e s  a n d  t h e  c a r b o n a t e  r o c k  

s a m p l e s  w e r e  a l l  a n a l y s e d  a t  t h e  I s o t o p e  G e o c h e m i s t r y  

L a b o r a t o r y  a t  t h e  U n i v e r s i t y  o f  A r i z o n a .  

L a b o r a t o r y  w a t e r  q u a l i t y  a n a l y s e s  w e r e  c o n d u c t e d  b y  t h e  

f i e l d  i n v e s t i g a t o r s  u t i l i z i n g  e q u i p m e n t  a t  t h e  U n i v e r s i t y  o f  

I d a h o .  R e c o m m e n d e d  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  p r a c t i c e s  

w e r e  u s e d  f o r  l a b o r a t o r y  t e s t s  ( U . S . E . P . A . ,  1 9 7 4 ) .  T h e  M o h r  

v o l u m e t r i c  m e t h o d  w a s  u s e d  f o r  c h l o r i d e ,  a  g r a v i m e t r i c  m e t h o d  

w a s  u s e d  f o r  s u l p h a t e ,  s p e c i f i c  I o n  p r o b e  f o r  f l u o r i d e ;  

c o n c e n t r a t i o n s  o f  s o d i u m ,  p o t a s s i u m ,  m a g n e s i u m ,  c a l c i u m  a n d  

s i l i c i a  w e r e  d e t e r m i n e d  b y  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y .  

D u p l i c a t e  s a m p l e s  w e r e  a n a l y s e d  f o r  e a c h  s t u d y  s i t e ,  a n d  

t h e  c o n c e n t r a t i o n s  a v e r a g e d  w h e n  t h e y  w e r e  c l o s e .  S a m p l e s  

w e r e  r e a n a l y s e d  w h e n  l a r g e  d i f f e r e n c e s  b e t w e e n  t h e  d u p l i c a t e s  

w e r e  n o t e d .  M e t h o d s  f o r  C h e m i c a l  A n a l y s i s  o f  W a t e r  a n d  

W a s t e s  ( U . S . E . P . A . ,  1 9 7 9 )  r e p o r t s  d e v i a t i o n s  o f  1  t o  5 %  f r o m  

t h e  k n o w n  v a l u e s  b y  s i n g l e  l a b o r a t o r i e s  a n a l y s l z l n g  m u l t i p l e  

k n o w n  c a t i o n  s a m p l e s .  

T h e  n e t  a c c u r a c y  o f  t h e  a n a l y s e s  w a s  c h e c k e d  b y  

c o m p u t i n g  t h e  c a t l o n - l o n  b a l a n c e  b y :  

«  F r r n r  =  I meg/1 Cations - £ meg/1 Anions 10Q 
trror i meg/1 Cations + z meg/1 Anions 

51 



E r r o r  I n  t h i s  b a l a n c e  m a y  b e  c a u s e d  b y  a n a l y t i c a l  e r r o r  

o r  b y  t h e  e f f e c t  o f  I o n  s p e c i e s  w h i c h  w e r e  n o t  d e t e r m i n e d .  

M i n o r  c o n s t i t u e n t  a n a l y s e s  d o n e  p r e v i o u s l y  b y  I D W R  I n d i c a t e  

t h a t  t h e  e r r o r  c o n t r i b u t i o n  f r o m  u n d e t e r m i n e d  s p e c i e s  I s  

s m a l l  ( M i t c h e l l ,  J o h n s o n ,  a n d  A n d e r s o n ,  1 9 8 0 ) .  

g f l f l g r a p h I c  i s ± ± l n a  

T h e  G r a n d  V a l l e y  f a u l t  f o r m s  t h e  n o r t h e r n  a n d  e a s t e r n  

b o u n d a r y  o f  t h e  n o r t h e r n  s u b a r e a  ( F i g u r e  1 1 - 1 ) .  T h i s  f a u l t  

I s  l o c a t e d  a l o n g  t h e  n o r t h  s i d e  o f  t h e  S w a n  a n d  G r a n d  V a l l e y s  

a n d  t h e  e a s t e r n  s i d e  o f  S t a r  V a ' I l e y .  T h e  l o c a t i o n  o f  t :  

M e a d e  t h r u s t  f a u l t  f o r m s  t h e  s o u t h e r n  b o u n d a r y  a n d  t h e  

w e s t e r n  b o u n d a r y  I s  t h e  S n a k e  P l a i n .  

T h e  s t u d y  a r e a  c a n  b e  d i v i d e d  I n t o  s e v e r a l  g e n e r a l  a r e a s  

( F i g u r e  I I I - 1 ) .  T h e  S w a n - G r a n d  V a l l e y  l o w l a n d  I s  a  n o r t h w e s t  

t r e n d i n g  b a s i n  a n d  r a n g e  s t r u c t u r e  t h a t  e x t e n d s  f r o m  t h e  

K e l l y  M o u n t a i n  a r e a  a t  t h e  n o r t h  t o  A l p i n e ,  W y o m i n g  I n  t h e  

s o u t h e a s t .  T h e r e  I t  c u r v e s  t o  t h e  s o u t h  a n d  b l e n d s  I n t o  S t a r  

V a l l e y .  T h e s e  v a l l e y s  s l o p e  t o w a r d  t h e  n o r t h w e s t  w i t h  a n  

a v e r a g e  g r a d i e n t  o f  3 . 6  m  p e r  k m .  T h e  w i d t h  v a r i e s  f r o m  7  k m  

i n  S w a n  V a l l e y  t o  0 . 3  k m  a t  C a l a m i t y  P o i n t ,  t h e  s i t e  o f  

P a l i s a d e s  d a m .  T h e  w a t e r s  b a c k e d  u p  b y  t h i s  d a m  f i l l  t h e  

e n t i r e  l e n g t h  o f  G r a n d  V a l l e y .  T h e  e l e v a t i o n  v a r i e s  f r o m  

1 8 5 0  m  a t  A u b u r n ,  W y o m i n g ,  t o  1  5 5 0  m  s o u t h  o f  L o o k o u t  

M o u n t a i n .  T h e  K e l l y  M o u n t a i n  a r e a  I s  l o c a t e d  n o r t h w e s t  o f  
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( A r m s t r o n g  a n d  O r i e l ,  1 9 6 5 ) .  T h e  e a s i n g  o f  t h e  c o m p r e s s i v e  

f o r c e s  a s s o c i a t e d  w i t h  t h r u s t i n g  r e s u l t e d  I n  t h e  f o r m a t i o n  o f  

n o r m a l  f a u l t s  a l o n g  t h e  S w a n - G r a n d  V a l l e y  l o w l a n d .  I g n e o u s  

r o c k s  c o m p l i c a t e  t h e  g e o l o g y  I n  t h e  n o r t h w e s t e r n  p o r t i o n  o f  

t h e  s t u d y  a r e a .  P r o s k t a  a n d  E m b r e e  ( 1 9 7 8 )  s u g g e s t  t h a t  

s e v e r a l  c a l d e r a s  m a y  b e  p r e s e n t  I n  t h i s  r e g i o n .  

T h e  d i s t r i b u t i o n  o f  h y d r a u l i c  c o n d u c t i v i t y  t h r o u g h o u t  

t h e  s t u d y  a r e a  I s  h i g h l y  v a r i a b l e .  O v e r a l l ,  t h i s  a r e a  

p r o b a b l y  h a s  a  r e l a t i v e l y  h I g h  h y d r a u I  I c  c o n d u c t i v i t y  a t  t h e  

s u r f a c e  w h i c h  d e c r e a s e s  w i t h  d e p t h  r e s u l t i n g  f r o m  c l o s i n g  o f  

f r a c t u r e s  a n d  I n c r e a s i n g  c e m e n t a t i o n  a n d  c o m p a c t i o n .  

T h e  S w a n - G r a n d  V a l l e y  l o w l a n d  I s  a  g r a b e n  w i t h  a t  l e a s t  

3 0 0  m  o f  d i s p l a c e m e n t .  I t  h a s  b e e n  f i l l e d  t o  I t s  p r e s e n t  

l e v e l  w i t h  a n  u n d e t e r m i n e d  t h i c k n e s s  o f  a l l u v i u m ,  c o l l u v i u m ,  

a n d  I n  t h e  n o r t h e r n  p o r t i o n ,  v o l c a n l c s  ( F i g u r e  I  I  1 - 2 ) .  R o c k s  

o f  P a l e o z o i c ,  M e s o z o l c ,  a n d  C e n o z o l c  a g e  l i e  b e n e a t h  t h e s e  

v a I  I e y - f  I  I  I  I  n g  m a t e r i a l s .  T w o  m a j o r  f a u l t s  b o r d e r  t h i s  

l o w l a n d .  T h e  n o r t h e a s t e r n  f a u l t  a s s o c i a t e d  w i t h  t h i s  g r a b e n  

I s  t h e  G r a n d  V a l l e y  f a u l t .  T h i s  h i g h  a n g l e  n o r m a l  o r  r e v e r s e  

f a u l t  e x t e n d s  t h e  f u l l  l e n g t h  o f  S w a n ,  G r a n d ,  a n d  S t a r  

v a l  l e y s .  T h e  t r a c e  o f  t h i s  f a u l t  I s  h i d d e n  m o s t  o f  I t s  

l e n g t h  b y  r o c k s  o f  t h e  l a t e  T e r t i a r y  a n d  Q u a t e r n a r y  a g e .  T h e  

s o u t h e a s t e r n  b o u n d a r y  o f  t h i s  g r a b e n  I s  t h e  S n a k e  R i v e r  

f a u l t .  I t  e x t e n d s  f r o m  t h e  S n a k e  P l a i n  I n  t h e  n o r t h w e s t  t o  

t h e  S t a r  V a l l e y  I n  t h e  s o u t h e a s t ,  w h e r e  I t  j o i n s  t h e  f a u l t  

a l o n g  t h e  w e s t  s i d e  o f  S t a r  V a l l e y .  T h e  t r a c e  o f  t h i s  f a u l t  
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I s  a l s o  h i d d e n  m o s t  o f  I t s  l e n g t h  b y  r o c k s  o f  l a t e  T e r t i a r y  

a n d  Q u a t e r n a r y  a g e .  T h i s  f a u l t  I s  a  h i g h  a n g l e  n o r m a l  f a u l t  

t h a t  d i p s  t o  t h e  n o r t h e a s t .  T h e  S n a k e  R i v e r  a n d  G r a n d  V a l l e y  

f a u l t s  m a y  c o m b i n e  t o  j o i n  w i t h  t h e  A b s a r o k a  t h r u s t  ( F i g u r e  

I  I  1 - 3 ) .  T h e  d o w n t h r o w n  b l o c k  b o u n d e d  b y  t h e s e  f a u l t s  I s  

I n t e r p r e t e d  t o  b e  r o t a t e d  t o  d i p  n o r t h e a s t w a r d  t o w a r d  t h e  

G r a n d  V a l l e y  f a u l t .  B o t h  t h e  G r a n d  V a l l e y  a n d  t h e  S n a k e  

R i v e r  f a u l t s  a r e  c o n s i d e r e d  a c t i v e .  W l t k l n d  ( 1 9 7 5 )  d a t e s  t h e  

l a s t  a c t i v i t y  o f  t h e  G r a n d  V a l l e y  f a u l t  a s  h a v i n g  d i s p l a c e d  

b e d s  o f  H o l o c e n e  a g e  ( 5 0 0 0  y e a r s ) .  T h e  S w a n  V a l l e y  f a u l t  h a s  

b e e n  a c t i v e  I n  t h e  l a s t  2 0  m i l l i o n  y e a r s  a n d  p r e s e n t l y  s h o w s  

a  l o t  o f  s e i s m i c  a c t i v i t y .  

T h e  u n c o n s o l i d a t e d  s e d i m e n t s  I n  t h e  l o w l a n d  p r o b a b l y  

h a v e  h i g h e r  h y d r a u l i c  c o n d u c t i v i t i e s  t h a n  t h e  o l d e r  

f o r m a t i o n s  l o c a t e d  b e l o w  a n d  t o  e i t h e r  s i d e  o f  t h e m .  T h e  

f a u l t s  o n  e i t h e r  s i d e  o f  t h e  v a l l e y  p r o b a b l y  a c t  a s  a  z o n e  o f  

h i g h e r  h y d r a u l i c  c o n d u c t i v i t y  c a u s e d  b y  f r a c t u r i n g .  T h i s  I s  

s u g g e s t e d  b y  s p r i n g s  l o c a t e d  o n  t h e  t r a c e  o f  t h e s e  f a u l t s .  

D r i l l  l o g s  f r o m  w e l l s  I n  S w a n  V a l l e y  I n d i c a t e  t h e  

p o t e n t i a l  s u r f a c e  I s  v e r y  n e a r  l a n d  s u r f a c e  a n d  r e f l e c t s  t h e  

e l e v a t i o n  o f  t h e  S n a k e  R i v e r .  G a i n - l o s s  s t u d i e s  f r o m  A l p i n e  

t o  H e i s e  b y  S t e a r n s  a n d  o t h e r s  (  1  9 3 7  )  s h o w  t h a t  t h e  r i v e r  

g a i n s  w a t e r  d u r i n g  l o w  f l o w  a n d  l o s e s  w a t e r  d u r i n g  h i g h  f l o w  

I n d i c a t i n g  t h a t  b a n k  s t o r a g e  I s  a  f a c t o r  I n  t h i s  h y d r o l o g l c  

s y s t e m .  M o s t  c f  t h e  g r o u n d  w a t e r  f l o w  i n  t h i s  l o w l a n d  
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p r o b a b l y  o c c u r s  I n  t h e  s h a l l o w  u n c o n s o l i d a t e d  a l l u v i a l  

s e d i m e n t s  f o l l o w i n g  t h e  c o u r s e  o f  t h e  v a l l e y  t o w a r d  t h e  

n o r t h w e s t .  T h e  r e l a t i v e l y  l o w  e l e v a t i o n  o f  t h i s  a r e a  

r e l a t i v e  t o  t h e  m o u n t a i n  r a n g e s  t o  t h e  n o r t h  a n d  s o u t h ,  

s u g g e s t s  t h a t  t h i s  I s  a  r e g i o n a l  g r o u n d  w a t e r  d i s c h a r g e  a r e a .  

D i s c h a r g e  f r o m  r e g i o n a l  f l o w  s y s t e m s  s h o u l d  o c c u r  a l o n g  S n a k e  

R i v e r  a n d  G r a n d  V a l l e y  f a u l t s ,  n o t  I n  t h e  I n t e r i o r  o f  t h e  

I o w I  a n d .  

T h e  K e l l y  M o u n t a i n  a r e a  I s  o n  t h e  n o r t h e a s t e r n  b o u n d a r y  

o f  t h e  S w a n - G r a n d  V a l l e y  l o w l a n d .  T h i s  a r e a  I s  m a d e  u p  o f  

P l i o c e n e  r h y o l l t e s  a n d  w e l d e d  t u f f s  t h a t  o v e r l i e  

u n d i f f e r e n t i a t e d  P a l e o z o i c  a n d  M e s o z o l c  r o c k s .  I t  h a s  b e e n  

m a p p e d  a s  a  c a l d e r a  b y  P r o s k t a  a n d  E m b r e e  ( 1 9 7 8 ) .  T h e  G r a n d  

V a l l e y  f a u l t  c o n t i n u e s  t h r o u g h  t h e  K e l l y  M o u n t a i n  a r e a ;  

s e v e r a l  m a j o r  f a u l t s ,  I n c l u d i n g  t h e  H e l s e  f a u l t ,  p a r a l l e l  I t s  

t r e n d .  T h e  H e l s e  f a u l t  a c t s  I n  t h e  s a m e  m a n n e r  a s  t h e  G r a n d  

V a l l e y  f a u l t ,  d o w n  d r o p p i n g  r o c k s  o n  I t s  s o u t h e r n  b o r d e r .  

T h e  c a l d e r a  s t r u c t u r e  f o r m s  a  c l o s e d  b a s i n  b o r d e r e d  b y  

f a u l t s .  T h e  p r i m a r y  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  u n i t s  

f i l l i n g  t h e  c a l d e r a  I s  v e r y  l o w  b u t  z o n e s  w i t h  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  a r e  f o r m e d  b y  f a u l t i n g ,  p a l e o s o l l s ,  a n d  

I n t e r f l o w  z o n e s .  T h e r e  a r e  m a n y  s m a l l  s p r i n g s  I n  t h i s  a r e a  

a s s o c i a t e d  w i t h  t h e  z o n e s  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y ,  

s o m e  o f  w h i c h  a r e  w a r m .  T h e r e  a r e  n o  l a r g e  s p r i n g s  I n  t h i s  



T h e  C a r i b o u  R a n g e  I s  a  m o u n t a i n o u s  a r e a  c o m p o s e d  o f  

P a l e o z o i c  a n d  M e s o z o l c  r o c k s  I n t r i c a t e l y  t w i s t e d  I n  t i g h t  

p a r a l l e l  f o l d s  a n d  b r o k e n  b y  f a u l t s .  T h e s e  s e d i m e n t s ,  w h i c h  

t e n d  t o  g e t  y o u n g e r  t o  t h e  n o r t h ,  a r e  m a d e  u p  p r e d o m i n a n t l y  

o f  l i m e s t o n e s ,  s a n d s t o n e s ,  a n d  s h a l e s .  T h e  f o l d i n g  o f  t h e s e  

s e d i m e n t a r y  r o c k s  h a s  a f f e c t e d  t h e  d i s t r i b u t i o n  o f  h y d r a u l i c  

c o n d u c t i v i t y  i n  t w o  w a y s .  F o l d i n g  c h a n g e s  t h e  r e l a t i v e  

p o s i t i o n s  o f  a q u i f e r s  a n d  a q u l t a r d s  a n d  t h e  p r i m a r y  h y d r a u l i c  

c o n d u c t i v i t y  i s  a l t e r e d  b y  t h e  f r a c t u r i n g  a s s o c i a t e d  w i t h  

f o l d i n g .  

F i g u r e  I  I  1 - 3  s h o w s  t i l t e d  a n d  d e f o r m e d  r o c k s  o n  t h e  

s u r f a c e  w i t h  a t t e n u a t i o n  o f  f o l d i n g  a s  t h e  d e p t h  I n c r e a s e s .  

I t  I s  b e l i e v e d  t h a t  t h e  b e d d i n g  p l a n e s  a r e  a p p r o x i m a t e l y  

h o r i z o n t a l  a t  d e p t h .  T h e  t h r u s t s  a r e  a l s o  t h o u g h t  t o  b e  

n e a r l y  h o r i z o n t a l  u n d e r  t h e  s t u d y  a r e a .  T h e  e n t i r e  s t u d y  

a r e a ,  e x c e p t i n g  p o s s i b l e  c a l d e r a  s t r u c t u r e s  I n  t h e  n o r t h e r n  

p o r t i o n s ,  h a s  b e e n  o v e r t h r u s t  w i t h  m o v e m e n t  t o w a r d  t h e  

n o r t h e a s t .  T h e  d e p t h  t o  t h e  g l i d i n g  p l a n e  o f  t h e  t h r u s t  I s  

u n  k  n o w  n .  

T h e  C a r i b o u  R a n g e  I s  a  r e g i o n a l  h i g h  w i t h  a  h i g h  r a t e  o f  

p r e c i p i t a t i o n  a n d  p r o b a b l y  I s  a  r e c h a r g e  a r e a  f o r  n u m e r o u s  

l o c a l  a n d  I n t e r m e d i a t e  f l o w  s y s t e m s .  T h e  l a r g e  a m o u n t  o f  

r e l i e f  a n d  c o m p l e x  g e o l o g i c  s t r u c t u r e  p r o b a b l y  l i m i t  t h e  

p o s s i b i l i t y  o f  r e g i o n a l  f l o w .  T h e  f l o w  s y s t e m s  f o r m e d  h e r e  

a r e  m a i n l y  c o n t r o l l e d  b y  t h e  s t r a t I  g r a p h  I c  u n i t s  a n d  t h e  
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g e o l o g i c  s t r u c t u r e s  p r o d u c e d  b y  f o l d i n g  a n d  f a u l t i n g .  

N u m e r o u s  s m a l l  s p r i n g s  a n d  s e e p s  o c c u r  I n  t h e  m o u n t a i n s  b u t  

m o s t  o f  t h e s e  d r y  u p  i n  t h e  l a t e  f a l l .  T h e r e  a r e  o n l y  a  f e w  

l a r g e  s p r i n g s  I n  t h i s  a r e a .  

G r a y s  L a k e  i s  a  s w a m p y  l o w l a n d  l o c a t e d  s o u t h w e s t  o f  t h e  

C a r i b o u  R a n g e .  T h i s  a r e a  h a s  l a c u s t e r l n e  s e d i m e n t s  o v e r l y i n g  

s e d i m e n t a r y  r o c k s  o f  J u r a s s i c  a n d  C r e t a c e o u s  a g e .  T h e  l a k e  

I s  f o r m e d  b y  t h e  a c c u m u l a t i o n  o f  r u n o f f  f r o m  t h e  s u r r o u n d i n g  

m o u n t a i n s ;  I t  m a y  b e  a  g r o u n d  w a t e r  d i s c h a r g e  a r e a .  

T h e  W i l l o w  C r e e k  H i l l s  a r e  l o c a t e d  w e s t  a n d  a r e  

t o p o g r a p h i c a l l y  l o w e r  t h a n  t h e  C a r i b o u  R a n g e .  T h e  s o u t h e r n  

p o r t i o n  o f  t h i s  a r e a  I s  m a d e  u p  o f  I n t e n s e l y  f o l d e d  a n d  

f a u l t e d  s e d i m e n t a r y  r o c k s  o f  C r e t a c e o u s  a g e  w h i c h  h a v e  b e e n  

o v e r l a i n  I n  a r e a s  b y  c a n y o n - f  I  I  I  I  n g  b a s a l t s .  T h e  n o r t h e r n  

p o r t i o n  o f  t h i s  a r e a  h a s  J u r a s s i c  a n d  C r e t a c e o u s  s e d i m e n t a r y  

r o c k s  o v e r l a i n  b y  s i l i c i c  w e l d e d  t u f f s ,  a i r  f a l l  v o l c a n l c s ,  

a n d  l o e s s .  P r o s k t a  a n d  E m b r e e  ( 1 9 7 8 )  s u g g e s t  t h a t  t h e r e  a r e  

c a l d e r a s  I n  t h e  n o r t h e r n  p o r t i o n  o f  t h i s  a r e a  ( F i g u r e  I  I  I — 2 )  -

M o s t  o f  t h e  a r e a  w i t h i n  t h e  W i l l o w  C r e e k  H i l l s  I s  m a p p e d  o n  a  

r e c o n n a i s s a n c e  l e v e l ;  p o r t i o n s  a r e  u n m a p p e d .  

T h e  W i l l o w  C r e e k  H i l l s  a r e a  h a s  a  l o w e r  p o t e n t i a l  f o r  

g r o u n d  w a t e r  r e c h a r g e  t h a n  t h e  C a r i b o u  R a n g e  b e c a u s e  i t  

r e c e i v e s  m u c h  l e s s  p r e c i p i t a t i o n .  M o s t  o f  t h e  s p r i n g s  I n  

t h i s  a r e a  a r e  s m a l l ,  m a n y  o f  w h i c h  d r y  u p  d u r i n g  t h e  f a l l .  

T h e r e  a r e  a l s o  a  f e w  p e r e n n i a l  m e d i u m - s i z e d  s p r i n g s  b u t  n o  

l a r g e  s p r i n g s  a r e  p r e s e n t .  
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P h y s  I  c a  I .  a n d  C h e m  I  c a  I  S e t t  I  n g s  f l i  S p r i n g s  a n d  W e  I  I  s  

lu±rj2.d.u£±±£n 

T w e n t y - t h r e e  s p r i n g s  a n d  t w o  w e l l s  w e r e  I n v e n t o r i e d  I n  

t h e  s t u d y  a r e a  ( F i g u r e  I  I  1 - 4 ) .  S h o r t  d e s c r i p t i o n s  o f  t h e  

p h y s i c a l  s e t t i n g  a n d  c h a r a c t e r i s t i c s  o f  t h e  s p r i n g s  a n d  w e l l s  

a r e  p r e s e n t e d  i n  T a b l e  I  I  1 - 1 .  C h e m i c a l  a n a l y s e s  o f  t h e s e  

s p r i n g s  a n d  w e l l s  a r e  p r e s e n t e d  I n  T a b l e  I  I  1 - 2 .  M u l t i p l e  

a n a l y s e s  f o r  s e v e r a l  s i t e s  h a v e  b e e n  p r e s e n t e d  w h e r e  t h e  d a t a  

a r e  a v a i l a b l e .  T h e  s p r i n g s  I n v e n t o r i e d  i n  t h e  s t u d y  a r e a  

h a v e  b e e n  d i v i d e d  I n t o  t h r e e  g r o u p s  f o r  d i s c u s s i o n  p u r p o s e s :  

t h e r m a l  s p r i n g s  t h a t  d i s c h a r g e  h i g h l y  m i n e r a l i z e d  w a t e r ,  

t h e r m a l  s p r i n g s  o r  w e l l s  t h a t  d i s c h a r g e  w a t e r  w i t h  r e l a t i v e l y  

l o w  c o n c e n t r a t i o n s  o f  d i s s o l v e d  s o l i d s ,  a n d  n o n t h e r m a l  

s p r I n g s .  

ULfinmai Spring With iLLflil S p e c i f i c  C o n d u c t i v i t i e s  

S e v e n  s p r i n g  s i t e s  a r e  I n c l u d e d  I n  t h i s  g r o u p :  H - 3  

( 1 - 3 ) ,  H - 9  ( H - 1 0  a n d  1 - 1 1 ) ,  H - 1 6 ,  1 - 2 1  ( 1 - 2 2 ) ,  H - 2 3  ( 1 - 2 3 ) ,  

H - 2 6  ( W - 2 6 ) ,  a n d  H - 2 7  ( F i g u r e  I  I  1 - 4 ) .  T h e  t e m p e r a t u r e s  a n d  

c o n d u c t i v i t y  o f  t h e  d i s c h a r g e s  r a n g e  f r o m  2 0  t o  6 6 ° C  a n d  6 5 0 0  

t o  1  1 , 0 0 0  y m h o s / c m ,  r e s p e c t i v e l y .  

Hfi-Ufl ilSLt Spr I n-fl-S LHrl and I -3) . This 48°C spring Is 

l o c a t e d  a t  t h e  f o o t  o f  a  3 0 0  m  e s c a r p m e n t .  I t  h a s  d e p o s i t e d  

a  1 0 - m e t e r  h i g h  t r a v e r t i n e  m o u n d  w h i c h  I s  b e i n g  e r o d e d  a t  I t s  

b a s e  b y  t h e  S n a k e  R i v e r .  H e l s e  H o t  S p r i n g s  r e s o r t ,  l o c a t e d  
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Figure 111-4. Location and temperature of springs and wells in the vicinity 
of th* Caribou Range, southeastern Idaho and western Wyoming. 
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Table 111-1 - Physical settings of springs and wells in the vicintiy of the Caribou Range, 
southeastern Idaho and western Wyoming. 

Water Elevation Well Depth 
Sample Naine, Location and Temp, (in above Depth to Water Discharge 
Nunber Date Sampled (°C) MSL) (m) (m) (1/s) Site Description 

H-l Elkhorn Warm Spring 
4N 30E 23cadS 
(7-31-80) 

H-2 Hawley Warm Springs 
4N 40E 25bbdS 
(7-31-80) 

H-3 Heise Hot Springs 
4N 40E 25ddaS 
(6-18-80) 

H-4 Lufklin Spring 
3N 42E 2cbbS 
(6-30-80) 

H-5 Buckland Warm Spring 
3N 42E 12cca and ccdS 
(6-18-80) 

H-6 Unnamed Spring 
3N 4IE 32bbdS 
(6-18-80) 

H-7 Dyer Wei 1 
2N 39E 21bcc 
(7-21-80) 

H-8 Anderson Well 
2N 39E 29bac 
(7-21-80) 

20 

16 

48 

11 

23 

21  

20 

1680 

1610 

1540 

1770 

1570 

1710 

1540 

1570 

1 / 1  

109 

137 

76 

10 E* This spring is located 2.8 km northwest of Heise Hot 
Springs, 0.2 km north of the Heise fault and emerges 
from rhyolitic tuff. The spring is located within the 
southern edge of the Kexburg Caldera Complex. 

10 E This spring is located 1.5 kin northwest of Heise Hot 
Springs, 0.2 km north of the Heise fault and emerges 
from rhyolite tuff. The spring is located within the 
southern edge of the Rexburg Caldera Complex. 

4 R This spring issues from Tertiary silicic volcanic 
rocks within the southern edge of the Rexburg Caldera 
Complex. Two faults, the Heise fault and an unnamed 
northeast trending fault intersect at this site. 

2 E This spring issues from the contact of Salt Lake for­
mation and the Gallatin limestone formation. It is 
located 500 m southwest of the Grand Valley fault. 

1000 This spring flows out of the Gallatin formation and 
may be the primary discharge point for a flow system 
controlled by the thrust plate to the north. 

6 E This spring issues from a rhyolitic tuff. A large 
northeast trending fault is located 0.2 km to the 
south. 

This well probably obtains water from a broken rhyo­
lite zone as recorded in the drillers log from 140 to 
171 m. There is a northeast trending fault mapped 
150 m to the west of this well. 

This well is located 1.6 km southwest of the Dyer's 
well. The drillers log indicates rhyolite from 69 to 
75 m, sandstone (presumably punice) 95 to 107 in and 
rhyolite 107 to 109 m. 
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T a b l e  1 1 1 - 1 .  C o n t i n u e d .  

Sample 
Nunber 

Name, Location and 
Date Sampled 

Water 
Temp. 
(°C) 

Elevation 
(m above 

MSL) 

Well Oepth 
Depth to Water 

(m) (m) 
Discharge 

(1/s) Site Description 

H-9 Fall Creek Mineral 
IN 43E 9cbblS 
(8-5-80) 

Spri ngs 24 1660 6 E This spring is one of a series of warm springs along 
the south side of Fall Creek. These springs flow from 
Quaternary alluviun with travertine deposits above 
Mission Canyon Limestone. They are associated with 
the major northwest trending Snake River fault. 

H- 10 Fall Creek Mineral 
IN 43E 9cbb2S 
(8-5-80) 

Springs 23 1660 4 R This spring flows in the bottom of the northern most 
sink hole. See description under H-9. 

H-ll Unnamed Spring 
IN 39E 14acaS 
(7-22-80) 

9 1770 3 E This spring flows from the Salt Lake formation. It 
may originate from Tertiary rhyolite tuff outcropping 
70 m north of this site. 

o> 
On 

H-12 Unnamed Spring 
IN 40E 19cabS 
(7-22-80) 

13 1680 4 E This spring flows from the Salt Lake formation. 

H-13 Unnamed Spring 
IN 44E 30cbdS 
(7-7-80) 

7 1840 0.7 E This spring discharges from alluviun and travertine 
overlying Mission Canyon Limestone. The spring is 
associated with the northwest trending Snake River 
fault. 

H-14 Unnamed Spring 
IS 45E 4adaS 
(7-8-80) 

6 1820 2 E The spring flows from Salt Lake formation. The major 
northwest trending Grand Valley fault is located in 
this area, but it is concealed by the overlying Salt 
Lake formation. 

H-15 Unnamed Spring 
IS 45E 4acaS 
(7-8-80) 

6 1880 4 E This spring is located 300 m west of spring H-14. See 
description under H-14. 

H-16 Unnamed Spring 
IS 40E 4abcS 
(7-22-80) 

21 1700 2 E This spring flows from fractures in an outcrop of 
Ephriam Conglomerate. A minor fault is mapped at this 
s i te. 

H-17 Unnamed Spring 
IS 44E lcbdS 
(7-7-80) 

7 1800 10 E This spring issues from the Twin Creek Limestone. 



T a b l e  1 1 1  - 1 .  C o n t i n u e d .  

Water Elevation Well Depth 
Sample Name, Location and Temp, (m above Depth to Water 
Nunber Date Sampled (°C) MSL) (m) (m) 

H-18 Willow Spring 8 2010 
IS 41E 36cccS 
(6-29-80) 

H-19 Unnamed Spring 11 1780 
2S 44E laccS 
(6-20-80) 

H-20 Wann Spring 17 2180 
2S 44E 9aacS 
(7-23-80) 

1-21 Alpine Hot Spring 56 1690 
2S 46E 19bS 
(8-39) 

1-22 Alpine Hot Spring 37 1690 
2S 46E 19cadS 
(7-27-77) 

H-23 Brockman Hot Spring 35 ig|(j 
2S 42E 26dcdS 
(6-27-80) 

H-24 Unnamed Spring 10 2U90 
3S 42E 15dccS 
(7-29-80) 

H-25 Unnamed Spring 14 2080 
3S 42E 22abbS 
(7-6-80) 

Discharge 
(1/s) Site Description 

6 E 

100 E 

10 E 

1.6 R 

0.6 R 

4 R 

4 E 

3 E 

This spring flows out of the Wayan formation, on the 
axis of a northwest trending syncline. 

This spring is flowing out of the Nugget formation. 

This spring flows from near the contact of the Iwin 
Creek Limestone and the Nugget formation. This site 
is 250 m east of the northwest trending axis of the 
Big Elk Mountain anticline. 

These springs are reported to discharge from alluviun 
and were depositing travertine; the springs are 
presently covered by waters of Palisades Reservoir. 
These springs are associated with the Snake River 
fault. 

See description above. 

This spring flows out of either the Peterson or 
Bechler formation. The geology around this spring 
has been complexly folded and faulted by minor faults. 

This spring issues from rocks of the Bechler formation 
on the west limb of a complexly faulted syncline. 

This spring is located 100 m southwest of spring H-24. 
It flows from the contact of the Bechler and Peterson 
formation on the west liinb of a complexly faulted 
syncline. 



Table III-2. Continued. 

O t  

Sample 
Number Name and Location 

H-15 Unnamed Spring 
IS 45E 4acaS 

H-16 Unnamed Sprinq 
IS 40E 4abcS 

H-17 Unnamed Spring 
IS 44E lcbdS 

H-18 Wi1 low Spri  ng 
IS 4IE 36cccS 

H-19 Unnamed Sprinq 
2S 44E laacS 

H-20 Warm Spring 
2S 44E 9aacS 

1-21 Alpine Hot Springs^ 
2S 46E 19bS 

1-22 Alpine Hot Springs^ 
2S 46E 19cadS 

H-23 Brockman Hot Spring 
2S 42E 26dcdS 

1-23 Brockman Creek W.S.2 
2S 42E 26dcdS 

H-24 Unnamed Spring 
3S 43E 15dccS 

H-25 Unnamed Spring 
3S 43E 22abbS 

H-26 Auburn Hot Springs 
33N 119W 23dbdS 

W-26 Auburn Hot Springs' 
33N 119W 23dbdS 

H-27 Johnson Springs 
33N 119W 26adS 

Water Specif ic 
Temp. Conductance 

"C (nmho/cm) 

21  

7 

8 

1 1  

17 

56 

37 

35 

35 

10 

14 

57 

62 

54 

410 

11000 

400 

450 

230 

600 

10000 

8800 

8600 

550 

400 

8000 

6800 

8100 

TDS 
(n ig/1) pH 

380 7.4 

9200 6.6 

380 7.1 

400 7.1 

160 7.1 

580 7.2 

6800 

7100 6.5 

7500 6.6 

7300 6.4 

540 7.1 

370 7.2 

5700 6.4 

5700 7.5 

6200 6.4 

C.i Mq Na K ' CI F h c o 3  S04 s T  0 ?  ( - ) * *  

69 
(3.4) 

18 
(1.5) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

280 
(4.5) 

0 
(0) 

13 4.2 

110 
(5.5) 

to­
l l .6) 

2800 
(120) 

40 
(1.0) 

880 
(25) 

4.6 
(0.2) 

2400 
(40) 

2900 
(60) 

62 3.0 

66 
(3.3) 

18 
(1.5) 

0 
(0) 

0 
(0) 

3 
(0.1) 

0.12 
(0) 

250 
(4.1) 

4 
(0.1) 

34 5.2 

73 
(3.6) 

14 
(1.2) 

4 
(0.2) 

0 
(0) 

10 
(0.3) 

0. 16 
(0) 

280 
(4.6) 

5 
(0.1) 

11 5.0 

36 
(1.8) 

6 
(0.5) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

110 
(1.8) 

3 
(0.1) 

6 10.0 

130 
(6.4) 

27 
(22) 

0 
(0) 

0 
(0) 

1 
(0) 

0.25 
(0) 

160 
(2.7) 

230 
(4.9) 

24 6.5 

530 
(26) 

93 
(7.7) 

1500 
(67) 

190 
(1.8) 

2400 
(68) 

2.8 
(0.1) 

920 
(15.1) 

1100 
(22) 

45 .10 

560 
(28) 

100 
(8.2) 

1500 
(65) 

180 
(4.6) 

2800 
(79) 

2.7 
(0.1) 

880 
(14) 

1000 
(21) 

40 3.8 

190 
(9-3) 

33 
(2.7) 

2000 
(89) 

38 
(1.0) 

550 
(16) 

2.3 
(0.1) 

2300 
(37) 

2400 
(50) 

38 .51 

150 
(2.5) 

41 
(3.4) 

2100 
(91) 

34 
(0.9) 

590 
(17) 

2.6 
(0.1) 

1900 
(31) 

2500 
(52) 

24 1.5 

100 
(5.2) 

25 
(2.1) 

0 
(0) 

0 
(0) (0.1) 

0.16 
(0) 

340 
(5.6) 

56 
(1-2) 

13 2.7 

76 
(3.8) 

10 
(0-8) 

0 
(0) 

0 
(0) 

4 
(0.1) 

0.12 
(0) 

270 
(4.5) 

5 
(0.1) 

6 .71 

510 
(25) 

76 
(6.3) 

1300 
(58) 

160 
(4.1) 

1700 
(49) 

3.4 
(0.2) 

890 
(14) 

1000 
(21) 

6R 5. 1 

400 
(20) 

70 
(5.8) 

1400 
(61) 

140 
(3.6) 

1700 
(48) 

0.6 
(0) 

860 
(14) 

1100 
(23) 

35 3.0 

450 
(23) 

45 
(3.7) 

1500 
(65) 

180 
(4.5) 

1900 
(55) 

3.8 
(0.2) 

970 
(16) 

1100 
(24) 

88 .70 



Table 111-2. Continued. 

* pH meter may have malfunctioned causing inaccurate pM and HCOj readings 

"  Charge-balance error, refer to page 58 in text 

'  Breckenridge and Hinkley, 1978 
2 

Mitchel l  and others, 1980 

3 Ross, 1971 
4  

Concentrat ions recorded as 0 ing/1 imply a concentrat ion less than 0.5 mg/l  was present and that the procedure could not detect concentrat ions less than 0.5 «ig/ l .  

— I  
O  



Table 111 -1. Continued. 

Water Elevation Well Depth 
Sample Name, Location and Temp, (m above Depth to Water Discharqe 
Nunber Date Sampled (»c) MSL) (m) (m) (1/s) Site Description 

H-26 Auburn Hot Springs 57 1850 
33N 119W 23dbdS 
(7-25-80) 

H-27 Johnson Springs 54 1850 
33N 119W 26adS 
(7-25-80) 

•Accuracy of measurement 
E = Estimated discharge 
R = Reported Discharge 
All others measured. 

3 E These springs discharge from the Dinwoody formation on 
the axis of the northwest trending Hemmert anticline. 
Two faults, the Hemmert fault and the Treedom fault 
join at this site. Extensive deposits of travertine 
and free sulphur are present at these springs. 

0.01 This spring is located 1.6 km south of Auburn Hot 
Springs. The spring flows from a large travertine 
mound that overlies alluviun and at some depth, the 
Dinwoody formation. The trace of the Hemmert anti­
cline and fault lie beneath this site. 



Table 111-2. Hydrochemistry of springs and wells in the vicinity of the Caribou Range, southeastern 
Idaho and western Wyoming. 

Sample 
Nunber Name and Location 

Water 
Teinp. 

"C 

Speci f i  c 
Conductance 

(umho/cin) 
IDS 

(mg/1) PH Ca Mg 
Concentrat ion in mq/1 

Na K CI 
( m e q / 1 ) 4  

H C 0 3  s o 4  S i 0 2  

Error 
( I )"  

H-l Elkhorn Warm Spring 20 390 340 6.6 30 10 14 0 5 0.78 190 7 83 7.1 
4N 40E 23cadS (1-5) (0.8) (0-6) (0) (0.1) (0) (3.0) (0.1) 

I I-2 Haw ley Warm Spring 16 350 340 7.5 36 10 10 0 4 0.7 190 5 88 4.4 
4N 40E 2SbbdS (1.8) (0.8) (0.4) (0) (0.1) (0) (3.1) (0.1) 

11-3 l leise Hot Springs 48 6500 7600 6.1* 680 81 1500 200 2300 3. 1 2100* 720 58 1.8 
4N 40E 2SddaS (34) (6.7) (65) (5.2) (65) (0.2) (35) (15) 

1-3 l leise Hot Springs^ 49 8800 6500 6. 7 450 82 1500 190 2400 3.1 1100 740 30 .99 
4N 40E 2SddaS (23) (6.7) (65) (4.9) (68) (0.2) (18) (15) 

.99 

11-4 Lufkl in Spring 8 450 530 6.9 130 0 0 0 2 0 380 5 9 1.7 
3N 42E 2cbbS (6.6) (0) (0) (0) (0.1) (0) (6.2) (0.1) 

1.7 

H-5 Buckland Warm Spring 11 830 680 7.0 110 26 3) 0 38 0. 14 350 110 13 .04 
3N 42E 12cca + ccdS (5.6) (2.1) (1.3) (0) (1.1) (0) (5.7) (2-3) 

.04 

H-6 Unnamed Spring 23 650 550 7.2 71 19 44 0 42 0.14 270 51 49 2.4 
3N 41E 32bbdS (3.5) (1.6) (19) (0) (1.2) (0) (4.4) (1.1) 

H-7 Dyer Well  21 530 440 7.7 50 13 50 3 61 0.29 190 1 68 9.2 
2N 39E 21bcc (2.5) (1.1) (2-2) (0.1) (1-7) (0) (3.1) (0) 

H-8 Anderson Well  20 520 470 7.7 50 10 45 7 45 0.44 200 0 110 9.0 
2N 39E 29bac (2.5) (0.8) (2.0) (0.2) (1.3) (0) (3.3) (0) 

H-9 Fal l  Creek Mineral Springs 24 7800 5500 6.2 470 100 1100 120 1900 1.4 1500 330 15 1.4 
IN 43E 9cbblS (24) (8.2) (46) (3.0) (52) (o. l)  (24) (6.8) 

H- 10 Fal l  Creek Mineral Springs 23 6800 5100 6.2 430 88 1100 110 1700 1.3 1300 330 17 2. 1 
IN 43E 9cbb2S (22) (7.2) (46) (2.8) (46) (0.1) (21) (6.8) 

1-10 
2 

Fal l  Creek Mineral Springs 25 7900 5300 6.3 440 96 1110 120 1900 1.7 1200 390 11 .16 
IN 43E 9cbbS (22) (7.9) (48) (3.1) (54) (0.1) (20) (8.1) 

H-l l  Unnamed Spring 9 470 400 7.0 48 17 15 0 38 0. 18 210 3 71 1.4 
IN 39E 14acaS (2.4) (1.4) (0.7) (0) (1.1) (0) (3.4) (0.1) 

11-12 Unnamed Spring 13 300 320 7.2 39 6 5 0 4 0.21 160 0 no .44 
IN 40E 19cabS (1.9) (0.5) (0.2) (0) (0.1) (0) (2-6) (0) 

.44 

11-13 Unnamed Spring 7 450 4/0 7. 1 85 10 3 0 7 0.26 310 8 49 1.9 
IN 44E 30cbdS (4.2) (0.8) (0. 1) (0) (0.2) (0) (5.0) (0.2) 

1.9 

H- 14 Unnamed Spring 6 390 340 7.4 60 16 0 0 0 0 250 3 15 1.0 
IS 45E 4adaS (3.0) (13) (0) (0) (0) (0) (4.2) (0.1) 

15 
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0 . 2  k m  n o r t h e a s t  o f  t h e  s p r i n g s ,  h a s  u s e d  w a t e r  f r o m  t h i s  

s p r i n g  s i n c e  t h e  l a t e  1 8 0 0 ' s  f o r  r e c r e a t i o n a l  p u r p o s e s .  

H e l s e  H o t  S p r i n g s  I s  l o c a t e d  I n  a  s t r u c t u r a l l y  c o m p l e x  

a r e a .  T h i s  s p r i n g  i s  a s s o c i a t e d  w i t h  t w o  f a u l t s .  T h e  H e l s e  

f a u l t ,  a  m a j o r  n o r t h w e s t  t r e n d i n g  n o r m a l  f a u l t ,  r u n s  t h r o u g h  

t h e  s p r i n g  s i t e ,  a n d  a  s m a l l e r  a r c u a t e  s h a p e d  f a u l t  m e e t s  t h e  

H e l s e  f a u l t  f r o m  t h e  n o r t h  l e s s  t h a n  1 0 0  m  t o  t h e  e a s t  o f  t h e  

s p r i n g .  T h e  a r e a  s o u t h  o f  t h e  H e l s e  f a u l t  I s  c o v e r e d  b y  

a l l u v i a l  s e d i m e n t s  d e p o s i t e d  b y  t h e  S n a k e  R i v e r .  T h e  s m a l l e r  

n o r t h e a s t - t r e n d  I n g  f a u l t  n o r t h  o f  t h e  H e l s e  f a u l t  s e p a r a t e s  

T e r t i a r y  r h y o l l t l c  t u f f  t o  t h e  n o r t h w e s t ,  a n d  

u n d i f f e r e n t i a t e d  M e s o z o l c  a n d  P a l e o z o i c  r o c k s  t o  t h e  

s o u t h e a s t .  T h e  s p r i n g s  f l o w  f r o m  t h e  T e r t i a r y  r h y o l l t e  

c o v e r  a t  t h i s  s i t e  b y  a  m a n t l e  o f  t r a v e r t i n e  a n d  c o l u v l u m  

( P r o s k t a  a n d  E m b r e e ,  1 9 7 8 ) .  T h e  s p r i n g  s i t e  I s  l o c a t e d  n e a r  

o l d e r  s e d i m e n t a r y  r o c k s  a s  I n d i c a t e d  b y  a  1 0 0 - m e t e r  w e l l  

d r i l l e d  a b o u t  1 0 0  m  n o r t h  o f  t h e  s p r i n g s  I n  1 9 3 6 .  T h i s  w e l l  

e n c o u n t e r e d  o n l y  a  s m a l l  a m o u n t  o f  w a t e r  a n d  d r i l l e d  t h r o u g h  

w h a t  w a s  d e s r l b e d  a s  g r a y ,  p i n k ,  a n d  b l u e  l i m e s t o n e  ( S t e a r n s  

a n d  o t h e r s ,  1 9 3 8 ) .  

U t i l i z i n g  t h e  g r a v i t y  a n d  m a g n e t i c  d a t a  M a b e y  r e p o r t s :  

T h e  m o s t  p r o m i n e n t  l o c a l  g r a v i t y  a n d  m a g n e t i c  
a n o m a l i e s  a r e  h i g h s  w i t h i n  t h e  R e x b u r g  c a l d e r a  
c o m p l e x  I n  t h e  a r e a  o f  H e l s e  H o t  S p r i n g s .  A l t h o u g h  
t h e  c r e s t s  o f  t h e  a n o m a l i e s  a r e  c o i n c i d e n t ,  t h e  
e x t e n t  o f  t h e  a n o m a l i e s  a r e  d i f f e r e n t  a n d  t h e y  c a n n o t  
r e f l e c t  e n t i r e l y  t h e  s a m e  m a s s .  M e s z o l c  s e d i m e n t a r y  
r o c k s  o v e r l a i n  b y  P l i o c e n e  r h y o l l t e  f l o w s  a n d  w e l d e d  
t u f f s  a r e  e x p o s e d  I n  t h e  a r e a  o f  t h e  a n o m a l i e s .  
R h y o l l t e  d i k e s  a r e  l o c a l l y  a b u n d a n t .  T h e  
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n o r t h w e s t - t r e n d i n g  H e i s e  f a u l t  ( P r o s t k a  a n d  H a c k m a n ,  
1 9 7 4 ) ,  w h i c h  f o r m s  a  s o u t h w e s t  f a c i n g  s c a r p  l o c a l l y  
3 0 0  m  h i g h .  I s  p a r a l l e l  t o  a n d  n e a r  t h e  c r e s t  o f  t h e  
a n o m a l i e s .  T h e  c o r r e l a t i o n  b e t w e e n  t h e  g r a v i t y  h i g h  
a n d  o u t c r o p p i n g  M e s o z o l c  s e d i m e n t a r y  r o c k  s u g g e s t s  
t h a t  t h e  g r a v i t y  a n o m a l y  r e f l e c t s  I n  l a r g e  p a r t  a  
s t r u c t u r a l  h i g h  e l e v a t i n g  t h e  m o r e  d e n s e  p r e - T e r t l a r y  
r o c k s .  T h e  s h a p e  a n d  e x t e n t  o f  t h e  m a g n e t i c  a n o m a l y ,  
t h e  a b u n d a n t  r h y o l l t e  d i k e s  I n  t h e  a r e a ,  a n d  t h e  
i n d i c a t i o n  b y  t h e  m a g n e t i c  g r a d i e n t s  t h a t  t h e  s o u r c e  
l i e s  b e l o w  t h e  s u r f a c e  a l l  s u g g e s t  t h a t  a  m a j o r  p a r t  
o f  t h e  m a g n e t i c  h i g h  I s  p r o d u c e d  b y  a  l a r g e  b u r l e d  
I n t r u s i v e  b o d y .  S o m e  f e a t u r e s  o f  t h e  m a g n e t i c  
a n o m a l y  r e f l e c t  t h e  n e a r - s u r f a c e  v o l c a n i c  r o c k s .  

H e i s e  H o t  S p r i n g s  a n d  t h e  w a r m  s p r i n g s  t o  t h e  
n o r t h w e s t  o c c u r  a l o n g  t h e  c r e s t  o f  t h e  g r a v i t y  a n d  
m a g n e t i c  h i g h s .  T h e  s p r i n g s  a r e  I n  a  s t r u c t u r a l l y  
c o m p l e x  a r e a  w h e r e  n o r t h w e s t - t r e n d i n g  f a u l t s ,  
p r o b a b l y  r e l a t e d  t o  t h e  B a s i n  a n d  R a n g e  s t r u c t u r e  o f  
S w a n  a n d  G r a n d  v a l l e y s ,  d i s p l a c e  a  s t r u c t u r a l  h i g h  
o v e r  t h e  I n f e r r e d  I n t r u s i v e  b o d y .  A l t h o u g h  t h e  H e i s e  
f a u l t  f o r m s  a  p r o m i n e n t  s o u t h w e s t - f a c i n g  s c a r p  a n d  
t h e  p r e s e n c e  o f  t h e  S n a k e  R i v e r  a g a i n s t  t h i s  s c a r p  
a t t e s t s  t o  r e c e n t  m o v e m e n t  o f  t h e  f a u l t ,  t h e  
g e o p h y s i c a l  d a t a  I n d i c a t e  t h a t  t h e  H e i s e  f a u l t  I s  
n e a r  t h e  c r e s t  o f  t h e  s t r u c t u r a l  h i g h . . .  T h e  g r a v i t y  
a n o m a l y  I s  a t t r i b u t e d  t o  a  h i g h  o n  t h e  s u r f a c e  o f  t h e  
p r e - C e n o z o I c  r o c k s  a t  H e i s e  H o t  S p r i n g s  a n d  t o  a n  
a r e a  o f  t h i c k e r  C e n o z o l c  r o c k s  u n d e r  t h e  v a l l e y  o f  
t h e  S n a k e  R i v e r  t o  t h e  s o u t h w e s t .  T h e  d e p r e s s i o n  
c o n t a l n l g  t h e  t h i c k e r  C e n o z o l c  r o c k s  I s  p a r a l l e l  t o  
a n d  w i t h i n  a  n o r t h w e s t w a r d  p r o j e c t i o n  o f  t h e  
S w a n - G r a n d  V a l l e y  t r e n d  I n t o  t h e  R e x b u r g  c a l d e r a  
c o m p l e x .  T h e  m a g n e t i c  a n o m a l y  h a s  t w o  m a j o r  
c o m p o n e n t s :  a  l o c a l  h i g h  a t  H e i s e  H o t  S p r i n g s  
s u p e r i m p o s e d  o n  b r o a d e r ,  m o r e  d e e p l y  b u r l e d  s o u r c e .  
B o t h  c o m p o n e n t s  p r o b a b l y  r e f l e c t  a  l a r g e  b o d y  o f  
I n t r u s i v e  r o c k  w i t h  t h e  a p e x  n e a r  H e i s e  H o t  S p r i n g s .  
T h e  I n t r u s i v e  m a s s ,  w h i c h  m a y  b e  t h e  s a m e  a g e  a s  t h e  
r h y o l l t e  d i k e s ,  l i e s  w i t h i n  t h e  R e x b u r g  c a l d e r a  
c o m p l e x  w h e r e  t h e  S w a n - G r a n d  v a l l e y  t r e n d  I n t e r s e c t s  
t h e  c a l d e r a  ( M a b e y ,  1 9 7 8 ,  p .  1 2 - 1 6 ) .  

T h i s  s p r i n g  d e p o s i t s  t r a v e r t i n e ,  g y p s u m ,  a n d  f r e e  s u l f u r  

a n d  h a s  a  h y d r o g e n  s u l f i d e  o d o r .  T h e  m i n e r a l i z e d  w a t e r  h a s  a  

s p e c i f i c  c o n d u c t a n c e  o f  6 5 0 0  y m h o s / c m  a n d  a  p H  o f  6 . 7  ( Y o u n g  

a n d  M i t c h e l l ,  1 9 7 3 ) .  S o d  I  u r n  a n d  c h l o r i d e  a r e  t h e  d o m i n a n t  
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I o n s  I n  t h i s  w a t e r .  A  s u b s u r f a c e  t e m p e r a t u r e  o f  7 9 ° C  w a s  

e s t i m a t e d  u s i n g  a  s i  I  l e a l  g e o t h e r m o m e t e r  a s s u m i n g  q u a r t z  

e q u i l i b r i u m  a n d  c o n d u c t i v e  c o o l i n g  ( M i t c h e l l  a n d  o t h e r s ,  

1  9 8 0 ) .  

£jall_ £r££k_ Mutual- Spr 1 ngs LH-9. Jj-10. aniL l -10). 

S e v e r a l  s p r i n g s  a n d  s e e p s  d i s c h a r g e  w a t e r  a l o n g  a  1 . 2  k m  

r e a c h  o f  F a l l  C r e e k  ( F i g u r e  1 1 1 - 4 ) .  T h e  w a r m e s t  s p r i n g  ( H - 9 )  

I s  2 4 ° C  a n d  f l o w s  f r o m  a  t r a v e r t i n e  d e p o s i t  l o c a t e d  n e x t  t o  

t h e  c r e e k .  S a m p l e  H - 1 0  w a s  c o l l e c t e d  f r o m  t h e  b o t t o m  o f  a  

s i n k h o l e  w h e r e  t h e  w a t e r  e m e r g e s  t o  t h e  s u r f a c e  f o r  t h e  

d i s t a n c e  o f  a  m e t e r  a n d  t h e n  d i s a p p e a r s  I n t o  a  s o l u t i o n  

c h a n n e l  I n  t h e  c a v e r n o u s  r o c k .  T r a v e r t i n e  d e p o s i t s  f i l l  t h e  

v a l l e y  f l o o r  t h e  e n t i r e  l e n g t h  o f  t h e  s p r i n g s .  T h e  s p r i n g s  

d i s c h a r g e  f r o m  t h e  M i s s i o n  C a n y o n  L i m e s t o n e  a n d  a r e  

a s s o c i a t e d  w i t h  t h e  n o r t h w e s t - t r e n d i n g  S n a k e  R i v e r  f a u l t  

( J o b l n  a n d  S c h r o e d e r ,  1 9 6 4 a ) .  

T h e s e  s p r i n g s  d e p o s i t  f r e e  s u l f u r  a n d  t r a v e r t i n e  a n d  

g i v e  o f f  a  s t r o n g  h y d r o g e n  s u l f i d e  o d o r .  T w o  o t h e r  l a r g e  

d e p o s i t s  o f  t r a v e r t i n e  a r e  l o c a t e d  a t  a  h i g h e r  e l e v a t i o n  o n  a  

r i d g e  0 . 5  a n d  1 . 6  k m  w e s t  o f  t h e  s p r i n g s .  T h e r e  a r e  n o  

s p r i n g s  a s s o c i a t e d  w i t h  t h e s e  d e p o s i t s  a n d  t h e i r  s u r f a c e  

e l e v a t i o n  r a n g e s  f r o m  1 6 8 0  t o  1 8 4 0  m .  

T h e  w a t e r  f r o m  F a l l  C r e e k  M i n e r a l  S p r i n g s  h a v e  s p e c i f i c  

c o n d u c t a n c e  v a l u e s  o f  7 8 0 0  a n d  6 8 0 0 u m h o s / c m  a n d  a  p H  o f  6 . 2 .  

T h e  d o m i n a n t  I o n s  a r e  s o d i u m  a n d  c h l o r i d e .  T h e  s u b s u r f a c e  
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t e m p e r a t u r e  m a y  b e  a s  h i g h  a s  4 0 ° C  a s  I n d i c a t e d  b y  t h e  q u a r t z  

g e o t h e r m o m e t e r  ( M i t c h e l l  a n d  o t h e r s ,  1 9 8 0 ) .  

A l p i n e  HP±  . S p r  I  n j -S (  I  - 2 1  a n d  I  - 2 2 ) .  T h e s e  s p r i n g s  a r e  

p r e s e n t l y  l o c a t e d  u n d e r  P a l i s a d e s  R e s e r v o i r  ( F i g u r e  I I 1 - 4 ) .  

T h e  d a t a  p r e s e n t e d  h e r e  a r e  b a s e d  u p o n  a n  I n v e s t i g a t i o n  o f  

t h e  s i t e  p r i o r  t o  t h e  c r e a t i o n  o f  t h e  r e s e r v o i r  a n d  d u r i n g  a  

v i s i t  w h e n  t h e  w a t e r  l e v e l  w a s  l o w  I n  t h e  r e s e r v o i r .  T h e  

s p r i n g s  f l o w  f r o m  Q u a t e r n a r y  a l l u v i u m  a n d  a r e  a s s o c i a t e d  w i t h  

t h e  S n a k e  R i v e r  f a u l t  ( G a r d n e r ,  1 9 6 1 ) .  T h e  s p r i n g s  w e r e  

l o c a t e d  o n  b o t h  s i d e s  o f  t h e  f o r m e r  c h a n n e l  o f  t h e  r i v e r .  

S i x  s p r i n g s  o n  t h e  w e s t  s i d e  o f  t h e  r i v e r  h a d  t e m p e r a t u r e s  

r a n g i n g  f r o m  3 1  t o  6 2 ° C .  A n  e x c e l l e n t  d e s c r i p t i o n  o f  t h i s  

a r e a  w a s  g i v e n  b y  B r a d l e y  ( H a y d e n ,  1 8 7 3 ) .  H i s  m e a s u r e m e n t s  

a r e  c o n v e r t e d  t o  m e t r i c  u n i t s  I n  t h e  p a r a g r a p h  b e l o w  t o  

m a i n t a i n  c o n s i s t e n c y  I n  t h i s  r e p o r t .  

H e r e  a l s o  I s  l o c a t e d  a  c l u s t e r  o f  w a r m  s p r i n g s ,  
m a k i n g  c a l c a r e o u s ,  s u l p h u r o u s ,  a n d  s a l i n e  d e p o s i t s .  
T h e  l a r g e s t  s p r i n g ,  t h e  W a s h t u b ,  h a s  b u i l t  u p  a  
f l a r i n g  t a b l e ,  0 . 3  m  h i g h ,  o f  a n  o v a l  f o r m ,  m e a s u r i n g  
a b o u t  1 . 4  m  b y  2 . 3  m ,  u p o n  a  m o u n d  c o n s i s t i n g  o f  
c a l c a r l o u s  m u d ,  s c a r c e l y  s o l i d i f i e d ,  o f  f r o m  1 . 5  t o  
2 . 1  m  a b o v e  t h e  c r e e k  b o t t o m  I n  w h i c h  I t  s t a n d s .  T h e  
c e n t r a l  t a b l e  h a s  c o n t r a c t e d  s o  a s  t o  c r a c k  a c r o s s  
d i a g o n a l l y ,  a n d  t h e  f l o w  n o w  e s c a p e s  a t  I t s  w e s t e r n  
b a s e ,  d e p o s i t i n g  a  f i n e  m u d  t i n g e d  I n  t h e  f u l l  p o o l s  
w i t h  a  f a i n t  s u l p h u r - y e l l o w ,  b u t  p u r e  w h i t e  I n  t h e  
d r y  o n e s .  T h e s e  p o o l s  c o v e r  t h e  m o u n d  I n  d e s c e n d i n g  
s t e p s  o f  g r e a t  b e a u t y .  T h e  p r e s e n t  f l o w  I s  
s o u t h w a r d ,  t h o u g h  I t  h a s  b e e n  o n  a l l  s i d e s  I n  
s u c c e s s i o n .  O n e  m o u n d ,  n o  l o n g e r  a c t i v e  I s  1 . 5  m  
h i g h ,  w i t h  a  c i r c u l a r  b a s e  o f  a b o u t  1 . 5  m  d l a m t e r  a n d  
a n  o v a l  s u m m i t  o f  a b o u t  0 . 3  m  b y  2 . 4  c m .  M a n y  s m a l l  
s p r i n g s  e s c a p e  a l o n g  t h e  b a n k  f o r  9 0  m  o r  m o r e .  T h e  
d e p o s i t s  v a r y  g r e a t l y  I n  c o l o r .  A t  s o m e  p o i n t s  t h e  
o d o r s  o f  s u l p h u o r o u s  a c i d  a n d  o f  s u l p h u r e t e d  h y d r o g e n  
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w e r e  q u f + e  n o t i c e a b l e .  T h e  o l d e r  d e p o s i t s  h a v e  b u i l t  
u p  a  b a n k  3  m  h i g h  a l o n g  t h e  b a s e  o f  t h e  t e r r a c e ,  a n d  
t h e  b e a v e r s  h a v e  t a k e n  p o s s e s s i o n  a n d  h a v e  d a m m e d  u p  
o n  I t  th e  w a t e r s  o f  t h e  c o l d  s p r i n g s  w h i c h  f l o w  f r o m  
t h e  s e c o n d  t e r r a c e  a t  s h o r t  I n t e r v a l s  a l o n g  t h i s  
p l a i n .  O n  t h e  o p p o s i t e  s h o r e  t w o  c o n s i d e r a b l e  
s p r i n g s  h a v e  b u i l t  u p  t h e i r  d e p o s i t s  a g a i n s t  t h e  f o o t  
o f  t h e  m o u n t a i n ,  o n e  o f  w h i c h  a p p e a r s  t o  b e  n e a r l y  
d e a d .  T h e  h i g h e s t  t e m p e r a t u r e  o b s e r v e d  h e r e  w a s  
6 2 . 2 ° C .  T h e  W a s h t u b  g a v e  6 1 . 6 ° C  a n d  o t h e r s  6 1 . 1 ° ,  
3 2 . 2 °  a n d  3 1 . 1 ° ,  e t c .  ( H a y d e n ,  1 8 7 3 ,  p .  2 6 9 ) .  

O n  t h e  e a s t  s i d e  o f  t h e  r i v e r  t h e r e  w e r e  t w o  m a i n  

s p r i n g s  a n d  s e v e r a l  s m a l l e r  o n e s  w i t h  t e m p e r a t u r e s  r a n g i n g  

f r o m  4 9  t o  6 6 ° C  ( S t e a r n s  a n d  o t h e r s ,  1 9 3 7 ) .  T h e  w i d e  r a n g e  

o f  t e m p e r a t u r e s  i n  t h e s e  s p r i n g s  I n d i c a t e  t h a t  w a r m  a n d  c o l d  

g r o u n d  w a t e r  I s  m i x i n g  b e f o r e  r e a c h i n g  t h e  s u r f a c e .  

T h e r e  a r e  t w o  a n a l y s e s  f o r  A l p i n e  H o t  S p r i n g s .  R o s s  

( 1 9 7 1 )  r e p o r t s  a n  a n a l y s i s  ( 1 - 2 1 )  p e r f o r m e d  I n  A u g u s t  o f  

1 9 3 9 .  T h i s  s a m p l e  h a s  a  t o t a l  d i s s o l v e d  s o l i d s  o f  6 8 0 0  m g / 1 ,  

n o  r e a d i n g  f o r  s p e c i f i c  c o n d u c t a n c e ,  a n d  a  t e m p e r a t u r e  o f  

5 6 ° C .  T h e  d o m i n a n t  I o n s  a r e  s o d i u m  a n d  c h l o r i d e .  T h e  o t h e r  

a n a l y s i s  w a s  o b t a i n e d  I n  1  9 7 7  w h e n  t h e  w a t e r  l e v e l  I n  t h e  

r e s e r v o i r  w a s  p a r t i c u l a r l y  l o w .  T h e  w a t e r  h a s  a  s p e c i f i c  

e l e c t r i c a l  c o n d u c t a n c e  o f  1 0 , 0 0 0  u m h o s / c m ,  a  t o t a l  d i s s o l v e d  

s o l i d s  o f  7 , 1 0 0  m g / l ,  a  t e m p e r a t u r e  o f  3 7 ° C ,  a n d  a  p H  o f  6 . 5 .  

T h e  d o m i n a n t  I o n s  a r e  s o d i u m  a n d  c h l o r i d e .  T h e  s u b s u r f a c e  

t e m p e r a t u r e  a s  I n d i c a t e d  b y  a  c h a l c e d o n y  g e o t h e r m o m e t e r  

( s i l i c a  t e m p e r a t u r e  a s s u m i n g  e q u i l i b r i u m  w i t h  c h a l c e d o n y  a n d  

c o n d u c t i v e  c o o l i n g ,  I . e . ,  n o  s t e a m  l o s s )  m a y  b e  a s  h i g h  a s  

6 1 ° C  f o r  I - 2 2  ( M i t c h e l l  a n d  o t h e r s ,  1 9 8 0 ) .  
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Auburn Ho± S-Pri-O^S and J o h n s o n  S p r i n g s  ( H - 2 6 f  W - 2 6 .  a n d  

H - 2 7 1 .  A u b u r n  H o t  S p r i n g s  I s  l o c a t e d  1 . 6  k m  n o r t h  o f  J o h n s o n  

s p r i n g s  ( F i g u r e  I  I  I  —  4 ) .  A u b u r n  H o t  S p r i n g s  f l o w  f r o m  o v e r  

1 0 0  v e n t s  o v e r  a  1 . 2  h e c t a c r e  a r e a .  T h e  m a x i m u m  t e m p e r a t u r e  

m e a s u r e d  I s  6 2 ° C  ( B r e c k e n r I d g e  a n d  H l n k l e y ,  1 9 7 8 ) .  J o h n s o n  

S p r i n g s  c o n s i s t  o f  f i v e  t r a v e r t i n e  c o n e s ,  1 . 5  t o  2 . 4  m  h i g h ,  

w i t h  a  s m a l l  s p r i n g  a n d  s e v e r a l  s e e p s ,  o n  a n d  a r o u n d  t h e m .  

T h e  t e m p e r a t u r e  o f  t h i s  s p r i n g  I s  5 4 ° C .  B o t h  g r o u p s  o f  

s p r i n g s  g i v e  o f f  t h e  o d o r  o f  h y d r o g e n  s u l f i d e  a n d  d e p o s i t  

f r e e  s u l f u r  a l o n g  w i t h  t h e  t r a v e r t i n e .  

T h e s e  s p r i n g s  o c c u r  o n  t h e  a x i s  o f  t h e  n o r t h - s o u t h  

t r e n d i n g  H e m m e r t  a n t i c l i n e .  T w o  d e e p  s e a t e d  f a u l t s ,  t h e  

H e m m e r t  f a u l t  w h i c h  f o l l o w s  t h e  c r e s t  o f  t h e  a n t i c l i n e ,  a n d  

F r e e d o m  f a u l t  t h a t  r o u g h l y  p a r a l l e l s  t h i s  a n t i c l i n e  o n e  k m  t o  

t h e  w e s t ,  j o i n  a t  A u b u r n  H o t  S p r i n g s .  B o t h  a r e  w e s t w a r d  

d i p p i n g  f a u l t s  w i t h  2 0 0  a n d  8 0 0  m  o f  d i s p l a c e m e n t ,  

r e s p e c t i v e l y .  T h e  A u b u r n  f a u l t ,  l o c a t e d  0 . 5  k m  w e s t  o f  t h e  

F r e e d o m  f a u l t ,  I s  I n t e r p r e t e d  a s  a n  e a s t w a r d  d i p p i n g  n o r m a l  

f a u l t  w i t h  a s  m u c h  a s  2  k m  o f  d i s p l a c e m e n t  ( H l n k l e y  a n d  

B r e c k e n r I d g e ,  1 9 7 7 ) .  T h e  s p r i n g s  e m e r g e  f r o m  t h e  D I n w o o d y  

F o r m a t i o n  o f  l o w e r  T r l a s s l c  a g e  ( M a n s f i e l d ,  1 9 2 7 ) .  T h e  

r o u g h l y  l i n e a r  a r r a n g e m e n t  o f  t h e s e  s p r i n g s  a n d  o t h e r  

t r a v e r t i n e  d e p o s i t s  l o c a t e d  1 3  k m  n o r t h  o n  t h e  s a m e  t r e n d  

s u g g e s t  t h a t  t h e s e  s p r i n g s  a r e  s t r u c t u r a l l y  c o n t r o l l e d .  

B r e c k e n r l d g e  a n d  H l n k l e y  ( 1 9 7 8 )  s u g g e s t  a  m o d e l  w h e r e b y  

75 



m e t e o r i c  w a t e r  a r e  h e a t e d  a t  d e p t h ,  p e r h a p s  b y  a  c o o l i n g  

m a g m a  b o d y ,  a n d  m i g r a t e  t o  t h e  s u r f a c e .  

A u b u r n  H o t  S p r i n g s  h a s  a  s p e c i f i c  e l e c t r i c a l  

c o n d u c t i v i t y  o f  8 , 0 0 0  y m o h  s / c m  a n d  a  p H  o f  6 . 4 .  T h e  d o m i n a n t  

I o n s  a r e  s o d i u m  a n d  c h l o r i d e .  J o h n s o n  S p r i n g s  h a s  a  s i m i l a r  

c h e m i c a l  c o m p o s i t i o n  w i t h  a  s p e c i f i c  e l e c t r i c a l  c o n d u c t a n c e  

o f  8 , 1 0 0  v i m h o s / c m  a n d  a  p H  o f  6 . 4 .  T h e  d o m i n a n t  i o n s  a r e  

s o d i u m  a n d  c h l o r i d e .  U s i n g  S ? 0 2 a n d  N a - K - C a  g e o t h e r m o m e t r y ,  

R e n n e r  a n d  o t h e r  ( 1 9 7 5 )  e s t i m a t e d  a  r e s e r v o i r  t e m p e r a t u r e  o f  

1 5 0 ° C  a t  A u b u r n  H o t  S p r i n g s .  

U n n a m e d  S p r i n g s  a t  1.N 4 Q E  4  a  b c S  1H-1 6)  •  T h e s e  s p r i n g s  

a r e  l o c a t e d  I n  t h e  b o t t o m  o f  a  c a n y o n  f o r m e d  b y  W i l l o w  C r e e k  

( F i g u r e  I  I  1 - 4 ) .  T h e  s p r i n g s  d i s c h a r g e  w a t e r  a t  a  t e m p e r a t u r e  

o f  2 1  ° C  f r o m  r o c k s  o f  t h e  G a n n e t t  G r o u p .  T h e y  f l o w  f r o m  

f r a c t u r e s  I n  a n  o u t c r o p  o f  c h e r t  p e b b l e  c o n g l o m e r a t e  a t  t h e  

b a s e  o f  t h e  E p h r l a m  C o n g l o m e r a t e .  A  n o r t h e a s t - t r e n d i n g  f a u l t  

I n t e r s e c t s  t h i s  s i t e  f r o m  t h e  n o r t h  d i s p l a c i n g  t h e  P e t e r s o n  

L i m e s t o n e ,  p l a c i n g  B e c h l e r  C o n g l o m e r a t e  a g a i n s t  t h e  E p h r l a m  

C o n g l o m e r a t e  ( M a n s f i e l d ,  1 9 5 2 ) .  T h e  g e o l o g y  I s  c o m p l i c a t e d  

b y  r h y o l l t e  t u f f s ,  b a s a l t s ,  a n d  t h e  S a l t  L a k e  F o r m a t i o n  

w h i c h  c o n c e a l  m o s t  o f  t h e  o l d e r  s e d i m e n t a r y  r o c k s  w h e r e  t h e y  

h a v e  b e e n  e x p o s e d  b y  t h e  e r o s i o n  b y  W i l l o w  C r e e k .  

T h e  s p r i n g s  g i v e  o f f  a n  o d o r l e s s  g a s ,  p r e s u m a b l y  c a r b o n  

d i o x i d e .  T r a v e r t i n e  d e p o s i t s  a r e  l o c a t e d  I n  r o c k s  o f  t h e  

B e c h l e r  F o r m a t i o n  w e s t  o f  t h e  p r e s e n t  s p r i n g s .  S a l i n e  
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d e p o s i t s  s u r r o u n d  t h e  s p r i n g s .  T h e s e  s p r i n g s  h a v e  a  h i g h  

s p e c i f i c  e l e c t r i c a l  c o n d u c t a n c e  o f  1 1 , 0 0 0  u m h o s / c m  a n d  a  p H  

o f  6 . 6 .  T h e  d o m i n a n t  I o n s  a r e  s o d i u m  a n d  s u l f a t e .  

Bcnckman tin! .Iprluss 1H-23 anil 1- 2 3 ) .  T h e s e  s p r i n g s  

f l o w  f r o m  s e v e r a l  s m a l l  s e e p s  a n d  a  1 . 2  m  d i a m e t e r  p o o l  I n t o  

B r o c k m a n  C r e e k  ( F i g u r e  I  I  I  -  4 ) .  T h e  s p r i n g s  h a v e  a  

t e m p e r a t u r e  o f  3 5 ° C  a n d  t h e y  g i v e  o f f  a n  o d o r l e s s  g a s ,  

p r e s u m b l y  c a r b o n  d i o x i d e .  T r a v e r t i n e  d e p o s i t s  s u r r o u n d  t h e  
I  

s p r i n g  a n d  a n  I n a c t i v e  t r a v e r t i n e  m o u n d  I s  l o c a t e d  a  s h o r t  

d i s t a n c e  t o  t h e  s o u t h .  

T h e  a r e a  a r o u n d  t h e  s p r i n g  s i t e  I s  c o m p l e x l y  f o l d e d  a n d  

f a u l t e d .  T h i s  s p r i n g  f l o w s  o u t  o f  Q u a t e r n a r y  a l l u v i u m  

o v e r l y i n g  B e c h l e r  C o n g l o m e r a t e  o r  P e t e r s o n  L i m e s t o n e .  

S e v e r a l  m i n o r  f a u l t s  r u n  t h r o u g h  t h e  a r e a ,  t h e  n e a r e s t  o f  

w h i c h  i s  2 0 0  m  t o  t h e  n o r t h  ( G a r d n e r ,  1 9 6 1 ) .  A  m a j o r  

n o r t h w e s t  t r e n d i n g  f a u l t  I s  l o c a t e d  1 . 7  k m  n o r t h e a s t  o f  t h e  

s p r I n g .  

T h i s  s p r i n g  h a s  a  s p e c i f i c  e l e c t r i c a l  c o n d u c t a n c e  o f  

8 , 8 0 0  u m h o s / c m  a n d  a  p H  o f  6 . 6 .  T h e  d o m i n a n t  i o n s  I n  t h i s  

w a t e r  a r e  s o d i u m  a n d  s u l f a t e .  T h e  s u b s u r f a c e  t e m p e r a t u r e  

f r o m  s a m p l e  1 - 2 3  m a y  b e  a s  h i g h  a s  3 8 ° C  a s  I n d i c a t e d  b y  t h e  

c h a l c e d o n y  g e o t h e r m o m e t e r  ( M i t c h e l l  a n d  o t h e r s ,  1 9 8 0 ) .  

J h e r m a  I  S p r i n g s  w i t h  L o w  S  p e c  I  f  I  c  C o n d u c t  I  v  1 1 1  

F o u r  s p r i n g s  ( H - 1  ,  H - 2 ,  H - 6 ,  a n d  H - 2 0 )  a n d  t w o  w e l l s  

(  H - 7  a n d  H - 8 )  a r e  i n c l u d e d  i n  t h i s  g r o u p  ( F i g u r e  1 1 1 - 4 ) .  
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T e m p e r a t u r e s  r a n g e d  f r o m  1 6  t o  2 3 ° C  w i t h  s p e c i f i c  

c o n d u c t i v i t i e s  f r o m  3 5 0  t o  6 5 0 p m h o s / c m .  

U-Jiilfirn find JSteum S p r  I  n g s  a n i l  H - 2 ) .  E l k h o r n  

a n d  H a w l e y  W a r m  S p r i n g s  a r e  l o c a t e d  2 . 8  a n d  1 . 5  k m  n o r t h w e s t  

o f  H e l s e  H o t  S p r i n g s ,  r e s p e c t i v e l y .  B o t h  s p r i n g s  a r e  l o c a t e d  

o n  t h e  e s c a r p m e n t  f o r m e d  b y  t h e  H e l s e  f a u l t  a t  a n  e l e v a t i o n  

o f  4 0  t o  7 0  m  a b o v e  H e l s e  H o t  S p r i n g s .  T h e  i n t r u s i v e  b o d y  

s u g g e s t e d  b y  M a b e y  ( 1 9 7 8 )  t o  b e  u n d e r  H e l s e  H o t  S p r i n g s  I s  

a l s o  b e l i e v e d  t o  u n d e r l i e  t h e s e  t w o  s p r i n g s .  T h e s e  s p r i n g s  

e m e r g e  f r o m  r e l a t i v e l y  f l a t  l y i n g  r h y o l l t e  t u f f s  o n  t h e  

s o u t h e r n  e d g e  o f  t h e  R e x b u r g  C a l d e r a  C o m p l e x  ( P r o s k t a  a n d  

E m b r e e ,  1 9 7 8 ) .  T h e s e  s p r i n g s  d o  n o t  h a v e  a s s o c i a t e d  

t r a v e r t i n e  d e p o s i t s  a n d  d o  n o t  g i v e  o f f  a n y  g a s e o u s  o d o r s .  

E l k h o r n  W a r m  S p r i n g  h a s  a s  s p e c i f i c  c o n d u c t a n c e  o f  3 9 0  

u m h o s / c m ,  a  t e m p e r a t u r e  o f  1 6 ° C ,  a n d  a  p H  m e a s u r e m e n t  o f  6 . 6 .  

T h e  d o m i n a n t  I o n s  a r e  c a l c i u m  a n d  b i c a r b o n a t e .  H a w l e y  W a r m  

S p r i n g  h a s  a  s p e c i f i c  e l e c t r l a l  c o n d u c t a n c e  o f  3 5 0  p m h o s / c m ,  

a  t e m p e r a t u r e  o f  2 0 ° C ,  a n d  a  p H  o f  7 . 5 .  T h e  d o m i n a n t  I o n s  

a r e  c a l c i u m  a n d  b i c a r b o n a t e .  

Unnamed iprln  ̂ a± Ili AIL i2JLLd£ (H - 6 ) .  T h i s  2 3 ° C  s p r i n g  

d i s c h a r g e s  f r o m  a  d e n s e l y  w e l d e d  a s h - f l o w  t u f f  n a m e d  T u f f  o f  

S p r i n g  C r e e k  w i t h i n  t h e  p o s t u l a t e d  W i l l o w  C r e e k  c a l d e r a  

( P r o t s k a  a n d  E m b r e e ,  1 9 7 8 ) .  T h i s  t u f f  m a y  o n l y  f o r m  a  t h i n  

c o v e r i n g  o v e r l y i n g  o l d e r  M e s o z o l c  a n d  P a l e o z o i c  r o c k s .  T h i s  

I s  s u g g e s t e d  b y  a n  e x p l o r a t i o n  o i l  w e l l  ( S o r e n s o n  N o .  1 )  

d r i l l e d  2  k m  t o  t h e  e a s t  w h i c h  I n t e r s e c t e d  t h e  N u g g e t  
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F o r m a t i o n  a t  a  d e p t h  o f  6  m e t e r s  ( S a v a g e ,  1 9 6 1 ) .  A  9 . 3  k m  

l o n g ,  n o r t h e a s t  t r e n d i n g  f a u l t  I s  l o c a t e d  0 . 2  k m  t o  t h e  s o u t h  

o f  t h I s  s p r  I  n g  s I t e .  

T h i s  s p r i n g  h a s  a  s p e c i f i c  e l e c t r i c a l  c o n d u c t a n c e  o f  6 5 0  

u m h o s / c m  a n d  a  p H  o f  7 . 2 .  T h e  d o m i n a n t  I o n s  I n  t h i s  w a t e r  

a r e  c a l c i u m  a n d  b i c a r b o n a t e .  

and Anderson Islls likLZ. and H - 8 ) .  T h e s e  t w o  w e l l s  

a r e  r e p r e s e n t a t i v e s  o f  a  g r o u p  o f  w a r m  w a t e r  w e l l s  l o c a t e d  I n  

a  s u b d i v i s i o n  c a l l e d  R i m  R o c k  E s t a t e s  o n  t h e  b e n c h  e a s t  o f  

I d a h o  F a l l s .  T h e  w e l l s  a r e  l o c a t e d  1 . 6  k m  a p a r t  w i t h  t h e  

D y e r  w e l l  l o c a t e d  n o r t h e a s t  o f  t h e  A n d e r s o n  w e l l .  T h e y  h a v e  

t e m p e r a t u r e s  o f  2 1  a n d  2 0 ° C ,  r e s p e c t i v e l y .  T e r t i a r y  S a l t  

L a k e  F o r m a t i o n  I s  m a p p e d  a t  t h e  w e l l  s i t e s  w i t h  o u t c r o p s  o f  

r h y o l i t e  w e l d e d  t u f f s  a n d  a s s o c i a t e d  a s h  n e a r b y  ( M a n s f i e l d ,  

1 9 5 2 ) .  T h e  S a l t  L a k e  F o r m a t i o n  m a p p e d  I n  t h i s  a r e a  a p p e a r s  

t o  b e  a  t h i n  c o v e r i n g  o v e r l y i n g  t h e  w e l d e d  t u f f s .  T h e  d r i l l  

l o g -  f o r  t h e  D y e r  w e l l  I n d i c a t e s  t h a t  t h e  w a t e r  I s  o b t a i n e d  

f r o m  f r a c t u r e d  r h y o l i t e .  T h e r e  I s  a  n o r t h w e s t  t r e n d i n g  f a u l t  

m a p p e d  0 . 2  k m  w e s t  o f  t h i s  w e l l .  I n  t h e  A n d e r s o n  w e l l ,  t h e  

d r l I l e r s  l o g  r e p o r t s  t h a t  t h e  w a t e r  I s  c o m i n g  f r o m  s a n d s t o n e  

( p u m i c e ? )  o r  r h y o l i t e .  

T h e  c h e m i s t r i e s  o f  t h e s e  w e l l s  a r e  s i m i l a r .  T h e  

s p e c i f i c  e l e c t r i c a l  c o n d u c t i v i t y  v a l u e s  a r e  5 2 0 - 5 3 0 y m h o s / c m  

a n d  t h e  p H  I s  7 . 7 .  T h e  d o m i n a n t  I o n s  p r e s e n t  a r e  c a l c i u m  a n d  

b I  c a r b o n a t e .  
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W a r m  S p r I n g  ( H - 2 Q ) .  W a r m  S p r i n g  ( H - 2 0 )  I s  l o c a t e d  a t  a n  

e l e v a t i o n  o f  2 1 8 0  m  o n  t h e  n o r t h w e s t e r n  f l a n k  o f  B i g  E l k  

M o u n t a i n .  E x t e n s i v e  d e p o s i t s  o f  t r a v e r t i n e  a r e  p r e s e n t  b e l o w  

t h e  s p r i n g  s i t e .  T h e  s p r i n g  s u r f a c e s  n e a r  t h e  c o n t a c t  o f  t h e  

T w i n  C r e e k  L i m e s t o n e  a n d  N u g g e t  S a n d s t o n e .  B e d s  o f  g y p s u m  

a n d  a n h y d r i t e  h a v e  b e e n  f o u n d  a t  t h e  b a s e  o f  t h e  T w i n  C r e e k  

L i m e s t o n e  a t  s o m e  l o c a t i o n s  I n  I d a h o  a n d  W y o m i n g .  T h e  

p r e s e n c e  o f  t h i s  b e d  w o u l d  a c c o u n t  f o r  t h e  h i g h  

c o n c e n t r a t i o n s  o f  c a l c i u m  a n d  s u l f a t e  I n  t h e  w a t e r .  T h i s  

s i t e  I s  l o c a t e d  2 5 0  m  w e s t  o f  t h e  a x i s  o f  t h e  B i g  E l k  

M o u n t a i n  a n t i c l i n e .  S u n - S I n c l a l r  d r i l l e d  a n  o i l  e x p l o r a t i o n  

w e l l  o n  t h e  a x i s  o f  t h e  B i g  E l k  M o u n t a i n  a n t i c l i n e  4 . 8  k m  

s o u t h e a s t  o f  t h e  s p r i n g  s i t e .  T h e  f l u i d  f r o m  t h e  W e l l s  

F o r m a t i o n  w a s  t e s t e d  a t  a  d e p t h  o f  1 5 3 4  t o  1 5 4 5  m  a t  a  

r e c o r d e d  t e m p e r a t u r e  o f  1 0 3 ° C .  

T h e  w a t e r  f r o m  t h i s  s p r i n g  h a s  a  s p e c i f i c  e l e c t r l a l  

c o n d u c t a n c e  o f  6 0 0  y m h o s / c m .  T h e  p H  I s  7 . 2  a n d  t h e  d o m i n a n t  

I o n s  a r e  c a l c i u m  a n d  s u l f a t e .  

N o n t h e r m a I  S p r i n g s .  T w e l v e  s p r i n g s  I n  t h i s  s t u d y  a r e a  

h a v e  l o w  t e m p e r a t u r e s  a n d  l o w  s p e c i f i c  c o n d u c t i v i t i e s :  H - 4 ,  

H - 5 ,  H - 1 1 ,  H - 1 2 ,  H - 1 3 ,  H - 1 4 ,  H - 1 5 ,  H - 1 7 ,  H - 1 8 ,  H - 1 9 ,  H - 2 4 ,  

a n d  H - 2 5  ( F i g u r e  I  I  1 - 4 ) .  T h e i r  t e m p e r a t u r e s  r a n g e  f r o m  6  t o  

1 4 ° C  w i t h  s p e c i f i c  e l e c t r i c a l  c o n d u c t i v i t i e s  f r o m  2 3 0  t o  8 3 0  

m h o s / c m .  D e t a i l e d  d e s c r i p t i o n s  o f  t h e s e  s p r i n g s  a r e  g i v e n  

b y  H u b b e l I  ( 1 9 8 1 ) .  
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Ana I  ys-La ol £ata 

Anal YSlS Q± SjLClQSS Wei I s  Utl I Izlng Physical Data 

In t roduct I  on.  T h e  p h y s i c a l  d a t a  c o l l e c t i o n  a t  e a c h  s i t e  

I n c l u d e d  I n f o r m a t i o n  r e g a r d i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  

g e o l o g i c  s e t t i n g  s u c h  a s  t h e  s t r u c t u r a l  f e a t u r e s  n e a r  t h e  

s p r i n g s  a n d  t h e  f o r m a t i o n s  f r o m  w h i c h  t h e y  f l o w ,  t h e  w a t e r  

t e m p e r a t u r e ,  t h e  e s t i m a t e d  o r  r e p o r t e d  r a t e  o f  d i s c h a r g e ,  t h e  

l o c a t i o n ,  a n d  t h e  e l e v a t i o n .  T h e  g e o l o g i c  s e t t i n g  o f  t h e  

s p r i n g s  a n d  w e l l s  p r o v i d e  I n f o r m a t i o n  o n  t h e  s t r u c t u r a l  

f e a t u r e s  I n f l u e n c i n g  g r o u n d  w a t e r  f l o w  a n d  I n d i c a t e s  w h i c h  
«  
f o r m a t i o n s  a r e  a q u i f e r s .  T h e  r e l a t i o n s h i p  b e t w e e n  

t e m p e r a t u r e  a n d  d i s c h a r g e  p r o v i d e s  I n f o r m a t i o n  r e g a r d i n g  t h e  

a m o u n t  o f  d e e p  g r o u n d  w a t e r  f l o w .  

Structura l  Contro ls  £il_ Springs and Wei Is. The most 

I m p o r t a n t  f a c t o r  I n f l u e n c i n g  g r o u n d  w a t e r  f l o w  p a t h s  I s  t h e  

s p a t i a l  d i s t r i b u t i o n  o f  h y d r a u l i c  c o n d u c t i v i t y .  T h i s  

d i s t r i b u t i o n  I s  c o n t r o l l e d  b y  s t r u c t u r a l  f e a t u r e s  s u c h  a s  

f o l d s  a n d  f a u l t s  a n d  t h e  h y d r a u l i c  p r o p e r t i e s  o f  t h e  

f o r m a t i o n s .  S t r u c t u r a l  c o n t r o l s  a r e  g e o l o g i c  f e a t u r e s  

p r o d u c e d  i n  r o c k s  a f t e r  d e p o s i t i o n  a n d  o f t e n  a f t e r  

c o n s o l i d a t i o n .  F a u l t s  m a y  a f f e c t  g r o u n d  w a t e r  f l o w  I n  t h r e e  

w a y s .  A  f a u l t  m a y  a c t  a s  a  c o n d u i t  t o  f l o w ,  a s  a  b a r r i e r  t o  

f l o w ,  o r  m a y  h a v e  n o  a f f e c t .  I n  a d d i t i o n ,  t h e  o f f s e t  I n  b e d s  

p r o d u c e d  b y  t h e  f a u l t  m a y  p l a c e  f o r m a t i o n s  o f  d i f f e r i n g  

h y d r a u l i c  c h a r a c t e r i s t i c s  a g a i n s t  e a c h  o t h e r .  
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T h r u s t  f a u l t s  a r e  p o m l n a n t  s t r u c t u r a l  f e a t u r e s  I n  

s o u t h e a s t e r n  I d a h o .  T h e  s t u d y  a r e a  I s  b o r d e r e d  o n  t h r e e  

s i d e s  b y  t h e  s u r f a c e  e x p o s u r e s  o f  t h e s e  f a u l t s  a n d  t h e y  p a s s  

b e n e a t h  t h i s  a r e a  a t  v a r i o u s  d e p t h s  ( F i g u r e  I  I  1 - 4 ,  

c r o s s - s e c t i o n  A - A ' ) .  O n l y  o n e  t h r u s t  f a u l t  h a s  b e e n  m a p p e d  

I n  t h e  I n t e r i o r  o f  t h e  s t u d y  a r e a ;  t h e r e  a r e  n o  s p r i n g s  

a s s o c i a t e d  w i t h  t h i s  p a r t i c u l a r  t h r u s t  f a u l t .  D a t a  p r e s e n t e d  

I n  C h a p t e r  I I  s u g g e s t  t h a t  t h e  M e a d e  t h r u s t  f a u l t  m a y  n o t  a c t  

a s  a  b a r r i e r  t o  g r o u n d  w a t e r  f l o w  e x c e p t  a s  a  s e c o n d a r y  

c o n t r o l  I n  p o s i t i o n i n g  l l t h o l o g l e s  w i t h  h i g h  h y d r a u l i c  

c o n d u c t i v i t i e s  a g a i n s t  t h o s e  w i t h  l o w  h y d r a u l i c  

c o n d u c t i v i t i e s .  T h e  h y d r o g e o I o g I c  I m p o r t a n c e  o f  t h r u s t  

f a u l t i n g  I s  p r o b a b l y  m a r k e d l y  d i f f e r e n t  n e a r  t h e  s u r f a c e  

w h e r e  I t  c u t s  a c r o s s  I n d i v i d u a l  u n i t s  f r o m  t h e  c h a r a c t e r  o f  

t h e  f a u l t i n g  a t  d e p t h  w h e r e  I t  I s  p r o b a b l y  p a r a l l e l  t o  

b e d d i n g .  

O n l y  o n e  s p r i n g  I n  t h e  s t u d y  a r e a  a p p e a r s  t o  b e  

c o n t r o l l e d  b y  a  t h r u s t  f a u l t .  B u c k l a n d  W a r m  S p r i n g  ( H - 5 )  

f l o w s  f r o m  a  b l o c k  o f  G a l l a t i n  L i m e s t o n e  t h r u s t  o v e r  M i s s i o n  

C a n y o n  L i m e s t o n e  b y  t h e  B a l d y  M o u n t a i n  t h r u s t  f a u l t .  T h i s  

p 
o v e r t h r u s t  p l a t e  c o v e r s  3  k n r  a n d  I s  b e l i e v e d  t o  b e  l e s s  t h a n  

2 0 0  m  t h i c k  ( S t a a t z  a n d  A l b e e ,  1 9 6 6 ) .  B u c k l a n d  W a r m  S p r i n g  

e m e r g e s  a t  t h e  s u r f a c e  t r a c e  o f  t h e  t h r u s t  f a u l t  a n d  m a y  a c t  

a s  a  d r a i n ,  d i s c h a r g i n g  g r o u n d  w a t e r  f r o m  t h e  o v e r t h r u s t  

p l a t e .  H o w e v e r ,  c a l c u l a t i o n s  u s i n g  t h e  r e c o r d e d  d i s c h a r g e  o f  

O  
4 6 0  l / s  a l o n g  w i t h  t h e  s i z e  o f  t h e  o v e r t h r u s t  p l a t e  ( 3  k m  )  
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I n d i c a t e  t h a t  t h e  r e c h a r g e  m u s t  b e  a p p r o x i m a t e l y  7  m / y e a r  t o  

m a i n t a i n  t h e  d i s c h a r g e  r a t e .  T h e  r e c h a r g e  a r e a  s u p p l y i n g  

w a t e r  f o r  t h i s  s p r i n g  I s  o b v i o u s l y  m u c h  l a r g e r  t h a n  t h i s  

o v e r t h r u s t  p l a t e .  

T h e  n e x t  m o s t  p r o m l n a n t  s t r u c t u r a l  f e a t u r e s  I n  t h e  a r e a  

a r e  t h e  g r a b e n  f o r m i n g  f a u l t s  a l o n g  t h e  S w a n ,  G r a n d ,  a n d  S t a r  

v a l l e y s .  T h e s e  f a u l t s  p r o b a b l y  c r e a t e  z o n e s  o f  h i g h  

h y d r a u l i c  c o n d u c t i v i t y  a l o n g  t h e i r  p a t h s .  T h e s e  f a u l t s  

e x t e n d  v e r y  d e e p  a n d  p r o b a b l y  I n f l u e n c e  a l l  b u t  t h e  d e e p e s t  

f l o w  s y s t e m s  ( F i g u r e  I  I  1 - 3 ) .  

F i v e  t h e r m a l  s p r i n g s  a r e  a s o c l a t e d  w t t h  t h e  f a u l t s  a l o n g  

t h e  e d g e  o f  t h e  S w a n ,  G r a n d ,  a n d  S t a r  v a l l e y s .  T h e y  a r e  

H e l s e  H o t  S p r i n g s  ( H - 3  a n d  1 - 3 ) ,  F a l l  C r e e k  M i n e r a l  S p r i n g s  

( H - 9 ,  H - 1 0 ,  a n d  1 - 1 0 ) ,  A l p i n e  H o t  S p r i n g s  ( 1 - 2 1  a n d  1 - 2 2 ) ,  

A u b u r n  H o t  S p r i n g s  ( H - 2 6  a n d  W - 2 6 ) ,  a n d  J o h n s o n  S p r i n g s  

( H - 2 7 ) .  T w o  o t h e r  t h e r m a l  s p r i n g s ,  E l k h o r n  a n d  H a w l e y  w a r m  

s p r i n g s  ( H - l  a n d  H - 2 )  a r e  l o c a t e d  n e a r  o n e  o f  t h e  m a j o r  

g r a b e n  f o r m i n g  f a u l t s ;  h o w e v e r ,  t h e s e  s p r i n g s  a r e  n o t  

b e l i e v e d  t o  b e  c o n t r o l l e d  b y  t h i s  f a u l t  b u t  r a t h e r  b y  z o n e s  

o f  h i g h e r  h y d r a u l i c  c o n d u c t i v i t y  I n  t h e  R e x b u r g  C a l d e r a  

C o m p l e x .  F i v e  n o n t h e r m a l  s p r i n g s  ( H - 4 ,  H - 5 ,  H - 1 3 ,  H —  1 4  a n d  

H - 1 5 )  a r e  l o c a t e d  n e a r  e i t h e r  t h e  S n a k e  R i v e r  o r  t h e  G r a n d  

V a l l e y  f a u l t s .  I t  I s  n o t  k n o w n  I f  t h e s e  s p r i n g s  a r e  d i r e c t l y  

c o n t r o l l e d  b y  t h e s e  f a u l t s .  
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S f x  m o r e  o f  t h e  s p r i n g s  e x a m i n e d  I n  t h i s  a r e a  a r e  

a s s o c i a t e d  w i t h  m i n o r  f a u l t s .  F o u r  o f  t h e s e  s p r i n g s  ( H - 6 ,  

H - 7 ,  H - 1 6 ,  a n d  H - 2 3 )  h a v e  w a r m  t e m p e r a t u r e s ;  g r o u n d  w a t e r  I s  

b e l i e v e d  t o  m o v e  u p  t h e  f a u l t  t r a c e  f r o m  d e p t h .  T h e  

r e m a i n i n g  t w o  s p r i n g s  ( H - 2 4  a n d  H - 2 5 )  a r e  l o c a t e d  I n  a n  

I n t e n s e l y  f a u l t e d  a r e a .  

£fl£ma±_L£ji.£ Assp£JLal£.d Jii±h .Sarins anil W e  11 

S i t e s .  T h e  s p r i n g s  a n d  w e l l s  s a m p l e d  I n  t h e  s t u d y  a r e a  

d i s c h a r g e  f r o m  t e n  d i f f e r e n t  f o r m a t i o n s  r a n g i n g  f r o m  R e c e n t  

a l l u v i a l  s e d i m e n t s  t o  C a m b r i a n  L i m e s t o n e  ( T a b l e  I  I  1 - 3 ) .  

M o s t  o f  t h e  s p r i n g s  e x a m i n e d  I n  t h e  s t u d y  a r e a  f l o w  f r o m  

z o n e s  o f  s e c o n d a r y  h y d r a u l i c  c o n d u c t i v i t y  c a u s e d  b y  f a u l t i n g .  

T h e  f a u l t  a r e a s  p r o b a b l y  h a v e  c o n s i d e r a b l y  h i g h e r  h y d r a u l i c  

c o d u c t l v l t y  t h a n  t h e  u n d l s t r u b e d  p o r t i o n s  o f  t h e  f o r m a t i o n s .  

T h e  r e l a t i o n s h i p  b e t w e e n  s p r i n g  l o c a t i o n  a n d  s t r a t  I  g r a p h  I  c  

u n i t  m a y  t h u s  b e  a n  I n d i r e c t  I n d i c a t o r  o f  r e g i o n a l  h y r a u l l c  

p r o p e r t i e s  o f  r o c k s .  

D I s c h a r g e  S p r I n g s .  T h e  t o t a l  d i s c h a r g e  o f  s p r i n g s  

e x a m i n e d  I n  t h i s  a r e a  I s  I n v e r s e l y  p r o p o r t i o n a l  t o  t h e  

t e m p e r a t u r e .  T h e  s p r i n g s  I n  t h i s  s t u d y  w i t h  t e m p e r a t u r e s  

l e s s  t h a n  1 5 . 5 ° C  h a v e  a  t o t a l  d i s c h a r g e  o f  a p p r o x i m a t e l y  1 2 0 0  

l / s .  T h e  t w o  l a r g e s t  s p r i n g s  h a v e  d i s c h a r g e s  o f  1 0 0  a n d  1 0 0 0  

l / s .  T h e  s p r i n g s  w i t h  t e m p e r a t u r e s  o f  1 5 . 5  t o  3 9 ° C  h a v e  a  

t o t a l  d i s c h a r g e  o f  a p p r o x i m a t e l y  6 0  l / s .  T h e  l a r g e s t  o f  
• 

t h e s e  s p r i n g s  h a s  a  d i s c h a r g e  o f  1 0  l / s .  T h e  t o t a l  d i s c h a r g e  
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Table 111-3. Geologic formation associated with springs and 
wells in the vicinity of the Caribou Range, south 
eastern Idaho and western Wyoming. 

Geologic Formation 
or Rock Unit Spring Number 

Alluvi im 1-21*, 1-22* 

Salt Lake H-11, H-12, H-14*, H-15* 

Rhyolite H-l*, H-2*, H-3*, H-6*. H-7*, H-8 

Wayan H-18 

Bechler H-24*, H-23* 
or 

Peterson H-25*, H-23* 

Ephri am H-l 6* 

Twin Creek Limestone H-17, H-20 
or 

Nugget H-l9, H-20 

Di nwoody H-26*, H-27* 

Mission Canyon Limestone H-9*, H-10*, H-l3* 

Gallatin Limestone H-4*, H-5* 

*spring is located near fault 
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n o t e  t h a t  e a c h  s p r i n g  I s  l o c a t e d  I n  a  l o c a l  t o p o g r a p h i c  l o w  

w i t h  o n e  e x c e p t l p n .  W a r m  S p r i n g  ( H - 2 0 )  d i s c h a r g e s  a t  a n  

e l e v a t i o n  o f  2 1 8 0  m  n e a r  t h e  c r e s t  o f  t h e  C a r i b o u  R a n g e .  

Anaixs-La ol -Srrlii&s and JtelJLs Ut 11 t z l Q f l  Chemlca I D a t a  

T h e  c h e m i c a l  c o m p o s l t o n  o f  t h e  w a t e r  d i s c h a r g i n g  f r o m  a  

s p r i n g  I s  t h e  r e s u l t  o f  a  c o m p l i c a t e d  s e t  o f  I n t e r a c t i o n s  

d e t e r m i n e d  b y  t h e  c h e m i c a l  c h a r  a c t e r  I  s t  I  c s  o f  t h e  p o r o u s  

m e d i a  t h r o u g h  w h i c h  I t  m o v e s ,  t h e  r a t e  a t  w h i c h  I t  f l o w s ,  a n d  

t h e  t e m p e r a t u r e  a n d  p r e s s u r e  o f  t h e  g r o u n d  w a t e r  a l o n g  I t s  

f l o w  p a t h .  T h e  c h e m i c a l  a n a l y s i s  o f  t h e  w a t e r  f r o m  a  s p r i n g  

o r  w e l l  p r o v i d e s  I n f o r m a t i o n  o n  t h e  r o c k s  t h a t  c h e m i c a l l y  

I n t e r a c t e d  w i t h  t h e  w a t e r ,  t h e  r e l a t i v e  l e n g t h  o f  t h e  g r o u n d  

w a t e r  f l o w  p a t h ,  t h e  r a t e  o f  f l o w ,  a n d  t h e  m a x i m u m  

t e m p e r a t u r e  a l o n g  t h e  f l o w  p a t h .  T h e  c o m b i n e d  

I n t e r p r e t a t i o n  o f  t h e  c h e m i c a l  a n d  p h y s i c a l  d a t a  c a n  b e  u s e d  

t o  d e s c r i b e  p r o b a b l e  g r o u n d  w a t e r  f l o w  s y s t e m s .  

ExolutIon Qi Rajar Ions In Water F I o* S y s t e m s .  

C h e b o l a r e v  ( 1 9 5 5 )  c o n c l u d e d  t h a t  g r o u n d  w a t e r  c h a n g e s  I t s  

c h a r a c t e r  c h e m i c a l l y  t o w a r d  s e a w a t e r  a s  I t  m o v e s  a l o n g  I t s  

f l o w  p a t h  f r o m  r e c h a r g e  a r e a  t o  d i s c h a r g e  a r e a .  H e  n o t e d  t h a t  

d o m i n a n t  a n i o n  s p e c i e s  e v o l v e  I n  t h e  f o l l o w i n g  m a n n e r  a l o n g  a  

g r o u n d  w a t e r  f l o w  p a t h  ( F r e e z e  a n d  C h e r r y ,  1 9 7 9 ,  p .  2 4 2 ) :  

HCO3 HC03 + S042 S042 + HC03 S042" + c1~ + CI" + S042" -> CI" 

Increasing age and distance of flow path -* 
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o f  s p r i n g s  w i t h  t e m p e r a t u r e s  a b o v e  3 9 ° C  I s  a p p r o x i m a t e l y  

9  l / s ;  t h e  l a r g e s t  s p r i n g  I n  t h i s  g r o u p  h a s  a  d i s c h a r g e  o f  

4  l / s .  T h e  s m a l l  t o t a l  d i s c h a r g e  o f  t h e  t h e r m a l  w a t e r  

I n d i c a t e s  t h a t  m o s t  g r o u n d  w a t e r  m o v e m e n t  I s  r e l a t i v e l y  

s h a I  I o w .  

T h e  d i s c h a r g e - t e m p e r a t u r e  r e l a t i o n s h i p  d e s c r i b e d  f o r  t h e  

s t u d y  a r e a  I n  s o u t h e a s t e r n  I d a h o  f i t s  t h e  g e n e r a l  h o m o g e n e o u s  

m o d e l s  o f  f l o w  s y s t e m s  a s  p r e s e n t e d  b y  T o t h  ( 1 9 6 3 )  a n d  F r e e z e  

a n d  W I t h e r s p o o n  ( 1 9 6 6 ,  1 9 6 7 ) .  T h e y  f o u n d  t h a t  a p p r o x i m a t e l y  

9 0  p e r c e n t  o f  t h e  t o t a l  g r o u n d  w a t e r  I n  a  h o m o g e n e o u s  s y s t e m  

c i r c u l a t e s  t o  v e r y  s h a l l o w  d e p t h s  a n d  t h e  r e m a i n i n g  p o r t i o n .  

I n  d e c r e a s i n g  a m o u n t s ,  c i r c u l a t e s  t o  g r e a t e r  d e p t h s .  

T h e  r a t e  o f  d i s c h a r g e  v a r i e s  o v e r  t h e  c o u r s e  o f  t h e  y e a r  

f o r  m o s t  s p r i n g s .  T h e  a m o u n t  o f  f l u c t u a t i o n  I n  d i s c h a r g e  I s  

a  f u n c t i o n  o f  t h e  l e n g t h  o f  t h e  f l o w  p a t h .  T h e  d i s c h a r g e  

f r o m  l o c a l  f l o w  s y s t e m s  f l u c t u a t e s  g r e a t l y ,  o f t e n  c e a s i n g  

d u r i n g  t h e  y e a r ;  I n t e r m e d i a t e  f l o w  s y s t e m s  h a v e  t h e  l e a s t  

f l u c t u a t i o n  o f  a l l .  O n l y  o n e  o f  t h e  s p r i n g s  I n  t h i s  a r e a  h a s  

b e e n  m e a s u r e d  a t  d i f f e r e n t  t i m e s  o f  t h e  y e a r .  T h e  l a r g e  

d i s c h a r g e  v a r i a t i o n  i n  B u c k l a n d  W a r m  S p r i n g s  I n d i c a t e s  t h a t  

a t  l e a s t  a  p o r t i o n  o f  t h e  f l o w  I s  s u p p l i e d  b y  g r o u n d  w a t e r  

w i t h  a  s h o r t  f l o w  p a t h .  

E l e v a t i o n  Q±  D  i  s c h a r  g e .  T h e  e l e v a t i o n s  o f  s p r i n g s  a n d  

w e l l s  I n  t h i s  a r e a  r a n g e  f r o m  1 5 3 0  t o  2 1 8 0  m .  T h e r e  a p p e a r s  

t o  b e  n o  d i r e c t  c o r r e l a t i o n  b e t w e e n  t h e  e l e v a t i o n  o f  s p r i n g  

d i s c h a r g e  a n d  w a t e r  t e m p e r a t u r e .  H o w e v e r ,  I t  I s  I m p o r t a n t  t o  
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B i c a r b o n a t e  I s  t h e  d o m i n a n t  I o n  I n  t h e  b e g i n n i n g  o f  t h e  

a n i o n  e v o l u t i o n .  T h e  s u l f a t e  c o n c e n t r a t i o n  i n c r e a s e s  w i t h  

I n c r e a s i n g  t i m e  a n d  d i s t a n c e  u n t i l  i t  I s  t h e  d o m i n a n t  a n i o n  

a n d  b i c a r b o n a t e  i s  s e c o n d a r y .  T h i s  p r o c e s s  p r o c e e d s  u n t i l  

c h l o r i d e  I s  t h e  d o m i n a n t  a n i o n .  T h e  e v o l u t i o n  o f  t h e  a n i o n  

s p e c i e s  I s  c o n t r o l l e d  b y  t w o  v a r i a b l e s ,  t h e  a v a i l a b i l i t y  o f  

m i n e r a l s  a n d  t h e  m i n e r a l  s o l u b i l i t y .  

T h e  c y c l e  b e g i n s  I n  t h e  f o r m  o f  p r e c i p i t a t i o n .  M o i s t u r e  

m o v i n g  t h r o u g h  t h e  s o i l  z o n e  I s  c h a r g e d  w i t h  c a r b o n  d i o x i d e  

w h i c h  r e a c t s  w i t h  t h e  w a t e r  t o  f o r m  a  b i c a r b o n a t e  a n d  a  

h y d r o g e n  I o n .  T h e  h y d r o g e n  I o n  m a y  r e a c t  w i t h  c a l c l t e  t o  

f o r m  a n o t h e r  b i c a r b o n a t e  p l u s  a  c a l c i u m  i o n .  T h e  u p p e r  

l i m i t s  o f  t h e  c o n c e n t r a t i o n s  a t t a i n e d  b y  t h e s e  r e a c t i o n s  a r e  

c o n t r o l l e d  b y  t h e  s o l u b i l i t y  o f  c a l c l t e  a n d  d o l o m i t e  a n d  t h e  

p a r t i a l  p r e s s u r e  o f  c a r b o n  d i o x i d e .  S u l f a t e  c o n c e n t r a t i o n s  

I n c r e a s e  I n  g r o u n d  w a t e r  a l o n g  I t s  f l o w  p a t h  u n t i l  I t  I s  t h e  

d o m i n a n t  I o n .  T h i s  p r o c e s s  r e q u i r e s  a  l o n g  f l o w  p a t h  b e c a u s e  

t h e  m a j o r  s o u r e s  o f  s u l f a t e  I n  g r o u n d  w a t e r ,  g y p s u m  a n d  

a n y d r l t e ,  a r e  g e n e r l l y  p r e s e n t  o n l y  I n  t r a c e  a m o u n t s .  

C h l o r i d e  m a y  e v o l v e  t o  w h e r e  I t  I s  t h e  d o m i n a n t  a n i o n  s p e c i e s  

I n  s o m e  r e g i o n s  w h e r e  t h e  g r o u n d  w a t e r  i s  t r a v e l i n g  t h r o u g h  a  

d e e p  g r o u n d  w a t e r  b a s i n  c o m p o s e d  o f  s e d i m e n t a r y  r o c k s .  

T h e  a n i o n  e v o l u t i o n  c a n  b e  c o r r e l a t e d  t o  D o m e n l c o ' s  

t h r e e  g r o u n d  w a t e r  z o n e s :  

1 .  T h e  u p p e r  z o n e  -  T h i s  z o n e  i s  c h a r a c t e r i z e d  b y  a  h i g h  

r a t e  o f  g r o u n d  w a t e r  f l u s h i n g  t h r o u g h  w e l l  l e a c h e d  
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s e d i m e n t s .  T h e  d o m i n a n t  a n i o n  i n  t h i s  w a t e r  i s  

b i c a r b o n a t e .  T h i s  w a t e r  c o m m o n l y  h a s  a  l o w  t o t a l  

d I s s o I v e d  s o  I  I d s .  

2 .  T h e  i n t e r m e d i a t e  z o n e  -  T h i s  z o n e  h a s  l e s s  f l u s h i n g  

a c t i o n s  t h a n  t h e  u p p e r  z o n e  a n d  a  h i g h e r  c o n c e n t r a t i o n  

o f  t o t a l  d i s s o l v e d  s o l i d s .  T h e  d o m i n a n t  a n i o n  i n  t h i s  

w a t e r  i s  s u l f a t e .  

3 .  T h e  L o w e r  z o n e  -  T h e  c i r c u l a t i o n  o f  g r o u n d  w a t e r  a t  t h i s  

z o n e  I s  n e a r l y  s t a g n a n t  w i t h  n e a r l y  u n l e a c h e d  r o c k s .  

T h i s  w a t e r  h a s  h i g h l y  m i n e r a l i z e d  w a t e r  a n d  t h e  d o m i n a n t  

a n i o n  I s  c h l o r l d e d  ( D o m e n l c o ,  1 9 7 2 ,  p .  2 9 2 ) .  

T h e  a n i o n  e v o l u t i o n  s e q u e n c e  p r o v i d e s  i n f o r m a t i o n  r e g a r d i n g  

t h e  f l o w  p a t h  o f  t h e  g r o u n d  w a t e r .  I t  m u s t  b e  u s e d  w i t h  

c a r e  b e c a u s e  t h i s  p r o c e s s  c a n  b e  s h o r t  c i r c u i t e d  w h e n  t h e  

g r o u n d  w a t e r  c o m e s  i n  c o n t a c t  w i t h  s o l u b l e  s e d i m e n t s  s u c h  a s  

e v a p o r i t e s .  T h e  u s e  o f  t h e  a n i o n  e v o l u t i o n  s e q u e n c e  I s  a l s o  

d e p e n d e n t  u p o n  t h e  f a c t  t h a t  t h e  w a t e r  f l o w s  t h r o u g h  t h e  

s a m e  t y p e s  o f  r o c k s  t h r o u g h o u t  t h e  s y s t e m .  C a t i o n  e v o l u t i o n  

I s  n o t  u s e d  b e c a u s e  t h e  s e q u e n c e  I s  o f t e n  r e v e r s e d  d u e  t o  

c a t i o n  e x c h a n g e .  

T h e  w a t e r  a n a l y s e s  m a y  b e  u s e d  t o  i n d i c a t e  t h e  l e n g t h  o f  

t h e  g r o u n d  w a t e r  f l o w  s y s t e m  i n  t h e  s t u d y  a r e a  b y  u s i n g  t h e  

t h r e e  d o m i n a n t  a n i o n  s p e c i e s ,  b i c a r b o n a t e ,  s u l f a t e ,  a n d  

c h l o r i d e .  T h e  r e l a t i v e  f l o w  l e n g t h s  a r e  p r e s e n t e d  I n  T a b l e  

I I  I - 4  w i t h  a  b i c a r b o n a t e  w a t e r  I n d i c a t e d  a s  s h o r t  s y s t e m ,  a  
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Table III-4. Results of analyses tc determine relative length of flew 
paths by dominant anions and total dissolved solids and 
qroups formed by cluster analysis in the vicintiy of the 
Caribou Range, southeastern Idaho and western Wyoming. 

Relative Length of Flow Path 

Sample 
Nunber Sample Name and Location 

Temp 
°C 

Domi nant 
Anion 

Total 
Dissolved 
Solids 

Cluster 
Analysis 
Group 

H-l Elkhorn Warm Spring 
4N 40E 23cadS 

20 short short 1 

H-2 Hawley Warm Spring 
4N 40E 25bbdS 

16 short short 1 

H-3, 1-3 Heise Hot Springs 
4N 40E 25ddaS 

48 long long 2 

H-4 Lufklin Spring 
3N 42E 2cbbS 

8 short short 1 

H-5 Buckland Warm Spring 
3N 42E 12cca and ccdS 

11 short short 1 

H-6 Unnamed Spri ng 
3N 41E 32bbdS 

23 short short 1 

H-7 Dyer Well 
2N 39E 21bcc 

21 short short 1 

H-8 Anderson Well 
2N 39E 29bac 

20 short short 1 

H-9 Fall Creek Mineral Springs 
IN 43E 9cbblS 

24 long long 2 

H-10, 1-10 Fall Creek Mineral Springs 
IN 43E 9cbbS 

23 long long 2 

H-ll Unnamed Spring 
IN 39E 14acaS 

9 short short 1 

H-l 2 Unnamed Spring 
IN 40E 19cabS 

13 short short 1 

H-13 Unnamed Spri ng 
IN 44E 30cbdS 

7 short short 1 

H-l 4 Unnamed Spring 
IN 45E 4adaS 

6 short short 1 

H-l 5 Unnamed Spri ng 
IN 45E 4acaS 

6 short short 1 

H-l 6 Unnamed Spring 
IS 40E 4abcS 

21 intermediate long 2 

H-17 Unnamed Spring 
IS 44E lcbdS 

7 short short 1 

H-l 8 Wi 1 low Spri ngs 
IS 41E 36cccS 

8 short short 1 

H-l 9 Unnamed Spring 
2S 44E laccS 

11 short short 1 

H-20 Warm Spring 
2S 44E 9aacS 

17 intermediate short 1 

1-21, 1-22 Alpine Hot Springs 
2S 46E 19cadS 

56 
37 

long long 2 

H-23, 1-23 Brockman Hot Springs 
2S 42E 26dcdS 

35 intermediate long 2 
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Table III-4. Continued. 

Relative Length of Flow Path 

Sample 
Nunber Sample Name and Location 

Temp 
°C 

Domi nant 
Anion 

Total 
Dissolved 
Solids 

Cluster 
Analysis 

Group 

H-24 Unnamed Spring 
3S 43E 15dccS 

10 short short 1 

H-25 Unnamed Spring 
3S 43E 22abbS 

14 short short 1 

H-26, W-26 Auburn Hot Springs 
33N 119W 23dbdS 

57 long long 2 

H-27 Johnson Springs 
33N 119W 26adS 

54 long long 2 
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s u l f a t e  w a t e r  a s  I n t e r m e d i a t e ,  a n d  a  c h l o r i d e  d o m i n a n t  w a t e r  

a s  a  l o n g  f l o w  s y s t e m .  

J g t a l  D  I  S  s o i l e d  S o  I  I d s  3 5  a n  I  n d  I  c a t o r  o f  F  I  o w  P a t h  

L e n g t h . . .  T h e  c o n c e n t r a t i o n  o f  t o t a l  d i s s o l v e d  s o l i d s  c a n  a l s o  

b e  u s e d  a s  a n  I n d i c a t o r  o f  t h e  l e n g t h  o f  a  g r o u n d  w a t e r  f l o w  

s y s t e m .  A s  g r o u n d  w a t e r  m o v e s  a l o n g  I t s  f l o w  p a t h  f r o m  

r e c h a r g e  a r e a  t o  d i s c h a r g e  a r e a  I t  w i l l  a t t a i n  h i g h e r  

c o n c e n t r a t i o n s  o f  d i s s o l v e d  s o l i d s .  T o t a l  d i s s o l v e d  s o l i d s  

c a n n o t  b e  s p e c i f i c a l l y  c o r r e l a t e d  t o  a  t i m e  o r  d i s t a n c e  I n  a  

f l o w  p a t h  e x c e p t  t o  s a y  t h a t  t h e  c o n c e n t r a t i o n s  o f  t o t a l  

d i s s o l v e d  s o l i d s  I n c r e a s e  w i t h  t h e  d i s t a n c e  o f  t r a v e l .  T h i s  

g e n e r a l i z a t i o n  a s s u m e s  t h a t  t h e  w a t e r  d o e s  n o t  c o m e  I n  

c o n t a c t  w i t h  f o r m a t i o n s  c o n t a i n i n g  h i g h l y  s o l u b l e  m i n e r a l s ,  

t h e  t e m p e r a t u r e  I s  c o n s t a n t  t h r o u g h o u t  t h e  f l o w  p a t h ,  a n d  

t h a t  t h e  w a t e r  f l o w s  t h r o u g h  t h e  s a m e  t y p e  o f  r o c k s  

t h r o u g h o u t  t h e  s y s t e m .  T h e  r e s u l t s  f r o m  t h i s  g e n e r a l i z a t i o n  

a r e  p r e s e n t e d  I n  T a b l e  I  1 1 - 4 .  T h e  c o n c e n t r a t i o n s  o f  t o t a l  

d i s s o l v e d  s o l i d s  o f  4 0 0 0  t o  1  1  , 0 0 0  m g / 1  ( l o n g  f l o w  s y s t e m s )  

a n d  a  l o w  t o t a l  d i s s o l v e d  s o l i d s  o f  1 0 0  t o  7 0 0  m g / l  ( s h o r t e r  

f l o w  s y s t e m s ) .  

£J_ f l S S l  f  I c a t  Ion O f  Spr I  ngs a n d  W e i  I s  U s i n g  W A T F O F .  

W A T E Q F  I s  t h e  F o r t r a n  I V  v e r s i o n  o f  t h e  W A T E Q  c o m p u t e r  

p r o g r a m  w r i t t e n  b y  T r u e s d e l l  a n d  J o n e s  I n  1 9 7 3 .  I t  m o d e l s  

t h e  e q u i l i b r i u m  d i s t r i b u t i o n  o f  I n o r g a n i c  I o n s  a n d  c o m p l e x  

s p e c i e s  I n  s o l u t i o n  u s i n g  t h e  c h e m i c a l  a n a l y s i s  a n d  
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m e a s u r e m e n t s  o f  p H  a n d  t e m p e r a t u r e  a s  I n p u t .  T h e  c a l c u l a t i o n  

I s  p e r f o r m e d  I n  t h e  f o l l o w i n g  m a n n e r s  

T h e  w a t e r  a n a l y s i s  I s  r e a d  I n  a n d  I o n  c o n c e n t r a t i o n s  
a r e  c o n v e r t e d  t o  m o l a l i t y .  A l l  v a l u e s  o f  e q u i l i b r i u m  
c o n s t a n t s  a r e  r e c a l c u l a t e d  t o  t h e  t e m p e r a t u r e  o f  
I n t e r e s t  u s i n g  t h e  v a n ' t  H o f f  e q u a t i o n ,  u n l e s s  
e x p e r i m e n t a l  d a t a  a r e  a v a i l a b l e .  A  c a t l o n - a n l o n  
b a l a n c e  I s  c a l c u l a t e d .  I f  t h e  c h a r g e  b a l a n c e  e r r o r  
I s  g r e a t e r  t h a n  3 0 $ ,  c a l c u l a t i o n  I s  t e r m i n a t e d  a t  
t h i s  p o i n t . . .  A s  a  f i n a l  p r e p a r a t o r y  c a l c u l a t i o n ,  
t h e  D e b y e - H u c k e l  s o l v e n t  c o n s t a n t s  a r e  c o r r e c t e d  f o r  
t e m p e r a t u r e .  

D u r i n g  t h e  n e x t  p h a s e  o f  c o m p u t a t i o n ,  s i n g l e - I o n  
a c t i v i t y  c o e f f i c i e n t s  a r e  c a l c u l a t e d  u s i n g  t h e  D a v l e s  
e q u a t i o n  o r  t h e  D e b y e - H u c k e l  a p p r o x i m a t i o n .  W i t h  
t h e s e ,  t h e  a c t i v i t i e s  o f  a l l  p o s s i b l e  a q u e o u s  s p e c i e s  
c a n  t h e n  b e  c o m p u t e d .  T h e  d i s t r i b u t i o n  o f  t h e s e  
s p e c i e s  I s  t h e n  c a l c u l a t e d  b y  m e a n s  o f  a  c h e m i c a l  
m o d e l ,  w h i c h  u s e s  a n a l y t i c a l  c o n c e n t r a t i o n s ,  
e x p e r i m e n t a l  s o l u t i o n  e q u i l i b r i u m  c o n s t a n t s ,  m a s s  
b a l a n c e  e q u a t i o n s ,  a n d  t h e  m e a s u r e d  p H .  T h i s  
d i s t r i b u t i o n  I s  p r e s e n t e d  I n  t h e  f o r m  o f  a  t a b l e  
w h i c h  c o n t a i n s  t h e  c o n c e n t r a t i o n s ,  I n  m g / I  a n d  
m o l a l i t y ,  t h e  a c t i v i t i e s ,  a n d  t h e  a c t i v i t y  
c o e f f i c i e n t s  o f  a l l  p o s s i b l e  a q u e o u s  s p e c i e s .  

I n  t h e  f i n a l  p h a s e  o f  t h e  c a l c u l a t i o n ,  s a t u r a t i o n  
d a t a  a r e  c o m p u t e d .  I o n  a c t i v i t y  p r o d u c t s  f o r  a l l  
p o s s i b l e  r e a c t i o n s  a r e  c a l c u l a t e d  a n d  c o m p a r e d  w i t h  
t h e  t e m p e r a t u r e - c o r r e c t e d  e q u i l i b r i u m  c o n s t a n t s .  
T h i s  I n f o r m a t i o n  I s ,  a g a i n ,  p r e s e n t e d  I n  a  t a b l e  
c o n t a i n i n g  I o n  a c t i v i t y  p r o d u c t s  ( K j a 0 ) »  e q u i l i b r i u m  
c o n s t a n t s  ( K e q ) ,  t h e  r a t i o  o f  t h e S e  t w o  v a l u e s  
( K , - a D / K e a ) . . .  ( H o u n s l o w  a n d  o t h e r s ,  1 9 7 8 ,  
p .  .  1 3 8 - 1 3 9 ) .  

T h e  r e s u l t s  o f  t h e s e  c o m p u t a t i o n s  c a n  b e  u s e d  t o  g r o u p  

s p r i n g s  w i t h  t h e  s a m e  s a t u r a t i o n  s t a t e s .  

T h e  s a t u r a t i o n  I n d e x  f o r  t h e  m i n e r a l s  a r a g o n l t e ,  

c a l c l t e ,  a n d  d o l o m i t e  a s  c a l c u l a t e d  b y  W A T E Q F  f o r  t h e  s a m p l e s  

o b t a i n e d  I n  t h e  s t u d y  a r e a  a r e  p r e s e n t e d  I n  t a b l e  I  I  1 - 5 .  

T h e s e  m i n e r a l s  w e r e  c h o s e n  b e c a u s e  a  l a r g e  p r o p o r t i o n  o f  t h e  
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Table 111 - 5. Saturation index of selected minerals for springs and well 
in the vicinity of the Caribou Range, southeastern Idaho 
and western Wyoming. 

Water 
Sample Temp. 
Nunber Sample Name and Location (°C) Aragonite Calcite Dolomite 

H-l Elkhorn Warm Spring 20 .05 .07 003 
4N 40E 23cadS 

H-2 Hawley Warm Spring 16 .39 .61 .15 
4N 40E 25bbdS 

H-3 Heise Hot Springs 48 2.5 4.2 6.3 
4N 40E 25ddaS 

1-3 Heise Hot Springs 49 4.0 6.8 26 
4N 40E 25ddaS 

H-4 Lufklin Spring 8 .44 .74 
3N 42E 2cbbS 

H-5 Buckland Warm Spring 11 .44 .72 .16 
3N 42E 12cca + ccaS 

H-6 Unnamed Spring 23 .61 .92 .40 
3N 41E 32bbdS 

H-7 Oyer Well 21 .96 1.5 .94 
2N 39E 21bcc 

H-8 Anderson Well 20 .99 1.5 .76 
2N 39E 29bac 

H-9 Fall Creek Mineral Springs 24 1.0 1.6 98 
IN 43E 9cbblS 

H-10 Fall Creek Mineral Sprincs 23 .82 1.2 58 
IN 43E 9cbb2S 

H-ll Unnamed Spring 9 .13 .21 02 
IN 39E 14acaS 

H-12 Unnamed Spring 13 .16 .26 01 
IN 40E 19cabS 

H-l3 Unnamed Spring 7 .36 .62 .05 
IN 44E 30cbdS 

H-l4 Unnamed Spring 6 .42 .73 17 
IS 45E 4adaS 

H-15 Unnamed Spring 6 .51 .90 .25 
IS 45E 4acaS 

H-l6 Unnamed Spring 21 .56 .86 22 
IS 40E 4abcS 

H-17 Unnamed Spring 7 .24 41 05 
IS 44E lcbdS 

H-18 Willow Spring 8 .30 .51 06 
IS 41E 36cccS 

H-l9 Unnamed Spring 11 .08 .13 004 
2S 44E laacS 

H-20 Warm Spring 17 .45 .70 .16 
2S 44E 9aacS 

1-21 Alpine Hot Springs 56 2.7 5 0 15 
2S 46E 19bS 

1-22 Alpine Hot Springs 37 1.8 2 8 3 5 
2S 46E 19cadS 
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Table 111-5- Continued. 

Sample 
Nunber Sample Name and Location 

Water 
Temp. 
(°C) Aragonite Calcite Dolomite 

H-23 Broclatian Hot Spring 
2S 42E 26dcdS 

35 1.5 2.3 2.2 

1-23 Brockman Creek U.S. 
2S 42E 26dcdS 

35 .66 1.0 .64 

H-24 Unnamed Spring 
3S 43E ISdccS 

10 .51 .85 .23 

H-25 Unnamed Spring 
3S 43E 22abbS 

14 .51 .80 •12 

H-26 Auburn Hot Springs 
33N 119W 23dbdS 

57 2.1 4.0 8.3 

W-26 Auburn Hot Springs 
33N 119W 23dbdS 

62 21 42 1200 

H-27 Johnson Springs 
33N 119W 26adS 

54 2.0 3.6 4.1 



s t u d y  a r e a  I s  m a d e  u p  o f  c a r b o n a t e  r o c k s  a n d  b e c a u s e  t h e s e  

t h r e e  m i n e r a l s  a r e  t h e  m o s t  d i a g n o s t i c  m i n e r a l s  t o  d i v i d e  

t h e s e  s p r i n g s  I n t o  s e p a r a t e  g r o u p s .  T h e  s a t u r a t i o n  I n d e x  

( K -  / K  )  I n d i c a t e s  w h e t h e r  a  s o l u t i o n  I s  u n d e r s a t u r a t e d  o r  I afJ cC| 

s a t u r a t e d  w i t h  r e s p e c t  t o  t h e s e  s p e c i f i c  m i n e r a l s .  V a l u e s  

l e s s  t h a n  o n e  I n d i c a t e  t h a t  t h e  s o l u t i o n  I s  u n d e r s a t u r a t e d  

a n d  v a l u e s  m o r e  t h a n  o n e  I n d i c a t e  t h e  s o l u t i o n  I s  

o v e r  s a t u r a t e d  w i t h  r e s p e c t  t o  t h a t  m i n e r a l .  S o l u t i o n s  

o v e r  s a t u r a t e d  w i t h  a  m i n e r a l  s p e c i e s  f a v o r s  p r e c i p i t a t i o n  o f  

t h a t  m i n e r a l  w h i l e  u n d e r s a t u r a t I o n  f a v o r s  d i s s o l u t i o n .  

T h e  d a t a  i n d i c a t e  t h a t  a l l  o f  t h e  s p r i n g s  g r o u p e d  a s  

t h e r m a l  s p r i n g s  w i t h  h i g h  s p e c i f i c  c o n d u c t i v i t i e s  I n  t h e  

p r e v i o u s  c h a p t e r  a r e  o v e r s a t u r a t e d  w i t h  r e s p e c t  t o  o n e  o r  

m o r e  o f  t h e s e  t h r e e  m i n e r a l s  e x c e p t  s a m p l e  H - 1 6 ,  u n n a m e d  

s p r i n g  a t  I S  4 0 E  4 a b c S .  T h e s e  d a t a  a r e  v e r i f i e d  b y  t h e  

o b s e r v a t i o n  o f  a c t i v e  t r a v e r t i n e  d e p o s i t i o n  a t  e a c h  o f  t h e s e  

s i t e s .  A s  t h e  w a t e r  f r o m  h o t  s p r i n g s  r i s e s  t o  t h e  s u r f a c e  

t h e  p r e s s u r e  d r o p s  a n d  t h e  w a t e r  c o o l s  c a u s i n g  t h e  

p r e c i p i t a t i o n  o f  s o m e  d i s s o l v e d  m i n e r a l s .  T h e  d a t a  a l s o  s h o w  

t h a t  t h e  t w o  w e l l s  t e s t e d  I n  t h i s  a r e a  ( H - 7  a n d  H - 8 )  a r e  

o v e r  s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c l t e .  T h e  e q u i l i b r i u m  o f  

t h e s e  s a m p l e s  w a s  a l t e r e d  w h e n  t h e  w a t e r  w a s  p u m p e d  t o  t h e  

s u r f a c e  s o  t h e  r e s u l t s  o f  W A T E Q F  m a y  n o t  b e  r e p r e s e n t a t i v e  o f  

t h e  w a t e r  I n  t h e  a q u i f e r .  A l l  o f  t h e  o t h e r  s p r i n g s  I n  t h i s  

a r e a  a r e  u n d e r s a t u r a t e d  w i t h  r e s p e c t  t o  a r a g o n l t e ,  c a l c l t e ,  

a n d  d o l o m i t e .  
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Ssmsi-allfliL- M_ Springs and iULLLliLna_ s t i f f  

D I a q r a m s .  S t i f f  d i a g r a m s  g r a p h i c a l l y  s h o w  t h e  c o n c e n t r a t i o n s  

o f  m a j o r  c a t i o n s  a n d  a n i o n s  I n  m I  I  I  I e q u I v a I e n t s  p e r  l i t e r .  

T h e  w i d t h  o f  t h e  p a t t e r n s  a r e  a n  a p p r o x i m a t e  I n d i c a t i o n  o f  

t h e  t o t a l  I o n i c  c o n t e n t .  T h e s e  d i a g r a m s  a r e  u s e f u l  f o r  

a n a l y z i n g  g r o s s  s i m i l a r i t i e s  I n  w a t e r  q u a l i t y  a n d  t h u s  g r o u n d  

w a t e r  f l o w  s y s t e m s .  S t i f f  d i a g r a m s  f o r  t h e  s p r i n g s  a n d  w e l l s  

I n  t h e  C a r i b o u  R a n g e  s t u d y  a r e a  a r e  p r e s e n t e d  I n  F i g u r e  

I  I  1 - 5 .  

S e v e n  o f  t h e s e  s p r i n g s ,  H e l s e  H o t  S p r i n g s  ( H - 3  a n d  1 - 3 ) ,  

F a l l s  C r e e k  M i n e r a l  S p r i n g s  ( H - 9 ,  H - 1 0 ,  a n d  1 - 1 0 ) ,  U n n a m e d  

S p r i n g  a t  I S  4 0 E  4 a b c S  ( H - 1 6 ) ,  A l p i n e  H o t  S p r i n g s  ( 1 - 2 1  a n d  

1 - 2 2 ) ,  B r o c k m a n  H o t  S p r i n g s  ( H - 2 3  a n d  1 — 2 3 ) ,  A u b u r n  H o t  

S p r i n g s  ( H - 2 6  a n d  W - 2 6 ) ,  a n d  J o h n s o n  S p r i n g s  ( H — 2 7 ) ,  s h o w n  I n  

F i g u r e  I  I  1 - 5  a r e  d r a w n  a t  o n e - h a l f  a c t u a l  w i d t h .  T h e  

s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e s e  s t i f f  d i a g r a m s  a n d  

t h o s e  o f  t h e  o t h e r  s p r i n g s  I n  b o t h  s i z e  a n d  m a j o r  

c o n s t i t u e n t s  s u g g e s t  t h a t  t h e s e  s e v e n  s p r i n g s  s h o u l d  b e  p u t  

I n t o  a  s e p a r a t e  g r o u p .  T h i s  g r o u p  c o u l d  b e  f u r t h e r  

s e p a r a t e d  i n t o  t w o  s m a l l e r  g r o u p s ,  o n e  w i t h  s o d i u m  a n d  

s u l f a t e  a s  t h e i r  d o m i n a n t  I o n s  ( H - 1 6  a n d  H - 2 3 )  a n d  t h o s e  w i t h  

s o d i u m  a n d  c h l o r i d e  a s  t h e i r  d o m i n a n t  I o n s  ( H - 3 ,  1 - 3 ,  H - 9 ,  

H - 1 0 ,  1 - 1 0 ,  1 - 2 1 ,  1 - 2 2 ,  W - 2 6 ,  H - 2 6 ,  a n d  H - 2 7 ) .  T h e  

s i m i l a r i t i e s  b e t w e e n  t h e  c h e m i s t r i e s  o f  t h e  s p r i n g s  m a y  b e  

d u e  t o  s i m i l a r  g e o l o g i c  c o n t r o l s  o n  t h e i r  f l o w  p a t h s .  T h e  
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Figure 111-5. Stiff diagrams of water chemistries of selected springs and 
walls in tha vicinity of the Caribou Range, southeastern 
Idaho and western Wyoming 



s p r i n g s  w i t h  s o d i u m  a n d  c h l o r i d e  a s  t h e i r  d o m i n a n t  I o n s  a r e  

a s s o c i a t e d  w i t h  f a u l t s  b o r d e r i n g  t h e  S w a n ,  G r a n d ,  a n d  S t a r  

v a l l e y s .  T h e  s p r i n g s  w i t h  s o d i u m  a n d  s u l f a t e  a s  d o m i n a n t  

I o n s  f l o w  f r o m  r o c k s  o f  t h e  G a n n e t t  g r o u p  b u t  a r e  a p p a r e n t l y  

n o t  c o n t r o l l e d  b y  m a j o r  f a u l t s .  T h e  g r o u p  w i t h  s o d i u m  a n d  

c h l o r i d e  a s  t h e i r  m a j o r  I o n s  c a n  b e  f u r t h e r  d i v i d e d  I n t o  t w o  

g r o u p s  o f  l i k e  c h e m i s t r i e s ,  o n e  w i t h  h i g h e r  c o n c e n t r a t i o n s  o f  

b i c a r b o n a t e  ( H - 3 ,  1 - 3 ,  H - 9 ,  1 - 1 0 ,  a n d  H - 1 0 )  t h a n  t h e  o t h e r  

g r o u p  ( 1 - 2 1 ,  1 - 2 2 ,  H - 2 6 ,  W - 2 6 ,  a n d  H - 2 7 ) .  

I t  I s  m o r e  d i f f i c u l t  t o  d i f f e r e n t i a t e  t h e  s t i f f  d i a g r a m s  

f o r  w a t e r s  w i t h  l o w  c o n c e n t r a t i o n s  o f  d i s s o l v e d  s o l i d s  

b e c a u s e  o f  t h e i r  s m a l l  o v e r a l l  s i z e .  T h e s e  d i a g r a m s  h a v e  

m o r e  s u b t l e  d i f f e r e n c e s  t h a n  d o  t h o s e  w i t h  h i g h  t o t a l  i o n i c  

c o n t e n t s .  O n e  o f  t h e s e  s p r i n g s ,  W a r m  S p r i n g  ( H - 2 0 ) ,  c a n  b e  

d i f f e r e n t i a t e d  f r o m  t h e  o t h e r  s p r i n g s  d u e  t o  t h e  d i f f e r e n c e s  

I n  t h e  m a j o r  I o n s .  T h i s  s p r i n g  h a s  c a l c i u m  a n d  s u l f a t e  a s  t h e  

d o m i n a n t  I o n s  w h e r e a s  o t h e r  s p r i n g s  i n  t h i s  g r o u p  h a v e  

c a l c i u m  a n d  b i c a r b o n a t e  a s  t h e i r  d o m i n a n t  I o n s .  

T h e  s t i f f  d i a g r a m s  w i t h  l o w  t o t a l  i o n i c  c o n t e n t s  a r e  

b e s t  u s e d  t o  r e l a t e  s p r i n g s  l o c a t e d  c l o s e l y  t o g e t h e r .  

E l k h o r n  a n d  H a w l e y  W a r m  S p r i n g s  ( H - 1  a n d  H - 2 )  a r e  s i m i l a r  t o  

e a c h  o t h e r  y e t  d i s t i n c t  f r o m  t h e  o t h e r s  a s  a r e  D y e r  a n d  

A n d e r s o n  w e l l s  ( H —  7  a n d  H - 8 ) .  T w o  o t h e r  s p r i n g s  t h a t  m a y  b e  

g r o u p e d  t h i s  w a y  a r e  U n n a m e d  S p r i n g s  a t  I S  4 5 E  4 a d a S  a n d  I N  

4 5 E  4 a c a S  ( H - 1 4  a n d  H - 1 5 ) .  I t  s h o u l d  b e  n o t e d  t h a t  H e l s e  H o t  

S p r i n g s  ( H - 3 )  a n d  E l k h o r n  a n d  H a w l e y  W a r m  S p r i n g s  ( H - 1  a n d  
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H  —  2 )  d o  n o t  h a v e  s i m i l a r  w a t e r  c h e m i s t r i e s  d e s p i t e  t h e  

c l o s e n e s s  I n  l o c a t i o n ,  a n d  t h e  p r e s e n c e  o f  t h e r m a l  w a t e r  I n  

a l l  t h r e e .  

. S l a t  I  s l l c a l  A n a J - ^ S - L s  C h e m  1  c a  I  H a l a  

I n t r o d u c t i o n  

T h e  a n a l y s i s  o f  t h e  c h e m i c a l  d a t a  r e q u i r e s  t h e  

s i m u l t a n e o u s  e x a m i n a t i o n  o f  t h e  t w e l v e  v a r i a b l e s  o b t a i n e d  a t  

e a c h  s i t e .  T h e  f o l l o w i n g  s t e p s  w e r e  t a k e n  I n  t h e  s t a t i s t i c a l  

a n a l y s i s  o f  t h e  c h e m i c a l  d a t a  o n  s p r i n g s  a n d  w e l l s  I n  t h e  

s t u d y  a r e a .  

1 .  T h e  d a t a  w e r e  s u m m a r i z e d  u s i n g  t h e  U N I V A R I A T E  d a t a  

s u m m a r y  p r o g r a m  ( S A S  I n s t i t u t e  I n c . ,  1 9 7 9 )  t o  d e t e r m i n e  

I f  t h e y  f u l f i l l  t h e  a s s u m p t i o n s  t h a t  t h e  d a t a  a r e  

n o r m a l l y  d i s t r i b u t e d  w h i c h  i s  r e q u i r e d  f o r  s u b s e q u e n t  

a n a  I  y s e s .  

2 .  T h e  s e c o n d  s t e p  o f  t h e  a n a l y s i s  w a s  a  c l u s t e r  a n a l y s i s  

w h i c h  g r o u p s  l i k e  s a m p l e s .  

3 .  A  s t e p w i s e  M A N O V A  a n a l y s i s  w a s  p e r f o r m e d  u s i n g  t h e  

g r o u p i n g s  f r o m  t h e  c l u s t e r  a n a l y s i s  t o  d e t e r m i n e  w h i c h  

v a r i a b l e s  a r e  m o s t  u s e f u l  I n  d i s c r i m i n a t i n g  b e t w e e n  t h e  

s p e c i f i e d  g r o u p s  a n d  t o  t e s t  I f  t h e  g r o u p s  c a n  b e  

s t a t i s t i c a l l y  s e p a r a t e d  b y  u s i n g  t h e  m o s t  d i s c r i m i n a t i n g  

v a r i a b l e s .  T h i s  s t e p  w a s  a c c o m p l i s h e d  b y  u s i n g  S A S  

s t e p w i s e  d i s c r i m i n a t e  p r o c e d u r e  ( S A S  I n s t i t u t e  I n c . ,  

1 9 7 9 )  .  
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U N I V A R I A T E  A n a l y s i s  

T h e  U N I V A R I A T E  d a t a  s u m m a r y  I n  t h e  S t a t i s t i c a l  A n a l y s i s  

S y s t e m  w a s  u s e d  t o  p r e s e n t  t h e  c h e m i c a l  d a t a  ( F i g u r e  I  I  1 - 6 ) .  

T h i s  p r o g r a m  I n c l u d e s  c a l c u l a t i o n  o f  t h e  d e s c r i p t i v e  

s t a t i s t i c s  a n d  t h e  g r a p h i c a l  s u m m a r i z a t i o n  o f  t h e  d a t a  w i t h  a  

s  t e m - a  n  d - 1  e a f  p l o t ,  a  b o x  p l o t ,  a n d  a  n o r m a l  p r o b a b i l i t y  

p l o t .  A  l i s t i n g  o f  r e s u l t s  I s  p r e s e n t e d  I n  H u b b e l l  ( 1 9 8 1 ,  

A p p e n d i x  A )  .  

T h e  f i r s t  t h r e e  m o m e n t s  c a l c u l a t e d  I n  t h e  d e s c r i p t i v e  

s t a t i s t i c s  a r e  t h e  m e a n ,  t h e  s t a n d a r d  d e v i a t i o n ,  a n d  t h e  

s k e w n e s s .  T h e  m e a n  a n d  v a r i a n c e  I n d i c a t e  t h e  " c e n t e r "  o f  

t h e  d a t a  a n d  v a r l a b l  I  I  t y  o f  t h e  d a t a  a b o u t  t h a t  c e n t e r ,  

r e s p e c t  I v e l y .  

T h e  s k e w n e s s  I n d i c a t e s  t h e  s y m m e t r y  o f  t h e  d a t a  a r o u n d  

I t s  m e a n .  D a t a  w i t h  a  n o r m a l  d i s t r i b u t i o n  h a v e  a  s k e w n e s s  

e q u a l  t o  z e r o ;  d a t a  t h a t  a r e  s k e w e d  t o  t h e  l e f t  h a v e  a  

p o s i t i v e  v a l u e  ( I . e .  m e a n  I s  l a r g e r  t h a n  t h e  m e d i a n ) .  T h e  

d a t a  f r o m  t h i s  s t u d y  a r e  a l l  p o s i t i v e l y  s k e w e d  e x c e p t  t h e  

v a r i a b l e  p H .  T h e  p o s i t i v e  s k e w n e s s  s h o w n  b y  t h e  v a r i a b l e s  I n  

t h e  U N I V A R I A T E  d a t a  s u m m a r y  I n d i c a t e s  t h a t  a  l o g r l t h m i c  

t r a n s f o r m a t I o n  I s  a p p r o p r i a t e  f o r  a l l  v a r i a b l e s  e x c e p t  p H  t o  

a p p r o x i m a t e  t h e  n o r m a l i t y  a s s u m p t i o n s  r e q u i r e d  f o r  s u b s e q u e n t  

t e s t s  o f  s i g n i f i c a n c e .  S i x  o f  t h e s e  v a r i a b l e s  h a v e  s o m e  

c o n c e n t r a t i o n s  e q u a l  t o  z e r o :  m a g n e s i u m ,  s o d i u m ,  p o t a s s i u m ,  

c h l o r i d e ,  f l u o r i d e  a n d  s u l f a t e .  A  c o n c e n t r a t i o n  o f  1  m g / I  
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h a s  b e e n  a d d e d  t o  e a c h  o f  t h e  v a l u e s  o f  t h e s e  v a r i a b l e s  

b e f o r e  t h e  t r a n s f o r m a t i o n .  

T h e  s t e m - a n d - I e a f  p l o t  I s  a  h i s t o g r a m  w i t h  t h e  v e r t i c a l  

a x i s ,  t h e  s t e m ,  r e p r e s e n t i n g  t h e  l e a d i n g  d i g i t s  o f  t h e  d a t a .  

T h e  l e a v e s  a r e  s h o w n  o n  t h e  h o r i z o n t a l  a x i s  a n d  a r e  t h e  l a s t  

d i g i t s  o f  t h e  d a t a .  

T h e  b o x  p l o t  I n d i c a t e s  s i x  s u m m a r y  p o i n t s ;  t h e  m i n i m u m ,  

t h e  l o w e r  q u a r t l l e ,  t h e  m e d i a n ,  t h e  m e a n  (  +  ) ,  t h e  u p p e r  

q u a r t  l i e ,  a n d  t h e  m a x i m u m .  T h i s  p l o t  i n d i c a t e s  w h e t h e r  t h e  

d a t a  a r e  s k e w e d  p o s i t i v e l y  o r  n e g a t i v e l y  a n d  t h e  r e l a t i v e  

v a r i a t i o n  o f  e a c h  v a r i a b l e .  T h e  n o r m a l  p r o b a b i l i t y  p l o t  

g r a p h s  t h e  r a w  d a t a  o n  t h e  v e r t i c a l  s c a l e  v e r s u s  t h e  s t a n d a r d  

n o r m a l  s c o r e s  ( Z  s c o r e s )  o n  t h e  h o r i z o n t a l  s c a l e .  T h e  r a w  

d a t a  a r e  r e p r e s e n t e d  b y  a s t e r i s k s  v e r s u s  t h e  p l u s  s i g n  w h i c h  

r e p r e s e n t  n o r m a l l y  d i s t r i b u t e d  d a t a .  I f  t h e  d a t a  a r e  

n o r m a l ,  o n e  w o u l d  e x p e c t  t h e  d a t a  t o  p l o t  o n  a  s t r a i g h t  l i n e .  

A n y  d e v i a t i o n  f r o m  t h i s  l i n e  i n d i c a t e s  n o n - n o r m a l i t y .  

T h e  p H  v a l u e s  a n d  t h e  l o g  f u n c t i o n s  o f  t h e  o t h e r  

v a r i a b l e s  a r e  s t a n d a r d i z e d  b y :  

I  =  x  -  X  

w h e r e :  

Z  =  s t a n d a r d i z e d  l o g  n o r m a l  v a r i a b l e  

X  =  s a m p  I e  v a l u e  

X  =  m e a n  o f  t h e  v a r i a b l e  
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s  =  s t a n d a r d  d e v i a t i o n  o f  t h e  v a r i a b l e  ( H u n t s b e r g e r  

a n d  B l l l l n g s l e y ,  1 9 7 7 ) .  

T h i s  p r o c e d u r e  s c a l e s  a l l  v a l u e s  t o  a  r a n g e  o f  

a p p r o x i m a t e l y  - 3  t o  + 3 ,  w h e r e  e a c h  v a r i a b l e  h a s  a  m e a n  o f  

z e r o  a n d  a  s t a n d a r d  d e v i a t i o n  o f  o n e .  I n  t h i s  w a y ,  e a c h  

v a r i a b l e  h a s  e q u a l  w e i g h t  I n  t h e  s u b s e q u e n t  c l u s t e r  a n a l y s i s .  

C I u s t e r  A n a l y s i s  

T h e  c h e m i c a l  d a t a  i n  T a b l e  I I 1 - 2  w e r e  r u n  u s i n g  t h e  S A S  

h i e r a r c h i c a l  g r o u p i n g ,  s e v e r a l  v a r i a b l e  c l u s t e r  a n a l y s i s  ( S A S  

I n s t i t u t e  I n c . ,  1 9 7 9 ) .  T h e  c l u s t e r i n g  w a s  p e r f o r m e d  o n  3 1  

s a m p l e s  I n  t w e l v e  d i m e n s i o n a l  s p a c e  d e f i n e d  b y  p H ,  c a l c i u m ,  

m a g n e s i u m ,  s o d i u m ,  p o t a s s i u m ,  c h l o r i d e ,  f l u o r i d e ,  

b i c a r b o n a t e ,  s u l f a t e ,  s i l i c a ,  t o t a l  d i s s o l v e d  s o l i d s ,  a n d  

t e m p e r a t u r e .  T h i s  t e c h n i q u e  r e d u c e d  t h e  d a t a  f r o m  3 1  g r o u p s  

u l t i m a t e l y  I n t o  o n e  g r o u p .  T h e  c l u s t e r  t e c h n i q u e  b e g i n s  b y  

t h e  c o m p u t a t i o n  o f  a  s i m i l a r i t y  o r  d i s t a n c e  m a t r i x  b e t w e e n  

t h e  s a m p l e s .  A t  e a c h  s t e p  t w o  s a m p l e s  o r  c l u s t e r s  a r e  

j o i n e d ,  I f  t h e y  a r e  t h e  c l o s e s t  u n j o i n e d  s e t .  T h e  f i n a l  

p r o d u c t  I s  a  d e n d r o g r a m  s h o w i n g  t h e  s t e p w i s e  J o i n i n g  o f  t h e  

s a m p l e s  ( F i g u r e  I  I  1 - 7 )  .  I f  t h e  d i a m e t e r  I n c r e a s e s  m a r k e d l y  

w h e n  t w o  c l u s t e r s  a r e  J o i n e d  t h e  c l u s t e r i n g  p r o c e s s  h a s  g o n e  

t o o  f a r .  I n  F i g u r e  I  I  I - 7  t h i s  o c c u r s  w h e n  t w o  c l u s t e r s  a r e  

J o i n e d  t o  m a k e  o n e  ( t h e  d i a m e t e r  c h a n g e s  f r o m  2 3  t o  7 4 ) .  

T h e  c l u s t e r  a n a l y s i s  i n d i c a t e s  t h a t  t h e r e  a r e  t w o  

d i s t i n g u i s h a b l e  g r o u p s  o f  c h e m i s t r i e s  ( T a b l e  I  I  I  —  4 ) .  T h e  

f i r s t  g r o u p  i s  m a d e  u p  c f  s a m p l e s  w i t h  r e l a t i v e l y  l o w  I o n i c  

105 



S 1 A I I S I I C A I A N A L Y S I S  S I E H 

CLOSIER CAP 

10 

o 
C h  

NUMBER UF 
CLUSTERS 

U  
29 
2 8  
27 
2 6  
25 
25 
2 1  
Si 
2 0  
19 
1 8  
I T  
It 
1 6  
I I  
I  h  
9 
a  
7 
6 
5 

<( H II II H M El 14 H II H H h H H H II H H H 1 1 

2 1 1 1 1 6 7 8 5 2 2 6 1 1 1 2 1 3 2 2 3 2 
2 1 3 7 6 0 6 5 8 5 9 6 7 1 

H M I H M I M 

• i n n  \ 

«*«• •+»««+*  

4 « • *•>«•#» 

« 4 4 4 * 4 4 4 « « 4 »  

•  •  
444444I44I44444 
44IMl|4»4««444 

I4444444 

• •4 • 

• ••• »H»4» 
*•»» HIM# i ##<N # • 

• #*«#MI»M4#lM 

*M#>44#M#4##4# 
«M#4M#M#####« 

Cluster Group 1 Cluster Group 2 

CLUSTER DIAMETER 

o .oo  
o .oa  
0 . 1 2  
0.35 
0.19 
0.60 
0.57 
0 . 6 1  
0.62 
0.9 1 
1.56 
1.6 I 
1.96 
I .97 
2.62 
2.91 
3.16 
3.16 
1.93 
6.07 
6.8 2 
5.66 
6.71 
8.60 
9.51 
10.50 
1 1.79 
15.65 
16.06 
23.65 
76.1 8 

Figure II1-7 T w e l v e  v a r i a b l e  c l u s t e r  d i a g r a m  f o r  s p r i n g s  a n d  w e l l s  i n  
Caribou Range study area, southeastern Idaho and western 
Wyomi ng 



c o n c e n t r a t i o n s ,  l o w e r  t e m p e r a t u r e s ,  a n d  h i g h e r  p H ' s .  T h e  

s e c o n d  g r o u p  h a s  r e l a t l v e y  h i g h  I o n i c  c o n c e n t r a t i o n s ,  h i g h e r  

t e m p e r a t u r e s ,  a n d  l o w e r  p H ' s .  

S t e p w i s e  M A N O V A  A n a l y s i s  

A  s t e p w i s e  M A N O V A  a n a l y s i s  ( S A S  I n s t i t u t e  I n c . ,  1 9 7 9 )  

w a s  r u n  t o  d e t e r m i n e  I f  t h e  t w o  g r o u p s  f o r m e d  b y  t h e  c l u s t e r  

a n a l y s i s  c a n  b e  d i f f e r e n t i a t e d  s t a t i s t i c a l l y  a n d  t o  I n d i c a t e  

t h e  w a t e r  q u a l i t y  v a r i a b l e s  m o s t  u s e f u l  I n  s e p a r a t i n g  t h e s e  

t w o  g r o u p s .  T h e  h y p o t h e s i s  t o  b e  t e s t e d  I s  t h a t  t h e  m e a n  o f  

t h e  c o m b i n e d  d i s t r i b u t i o n  o f  c h e m l a l  c o n s t i t u e n t s  o f  o n e  

g r o u p  (  p j )  I s  e q u a l  t o  t h e  m e a n  o f  t h e  c o n s t i t u e n t s  o f  t h e  

o t h e r  2 )  •  T h e  n u l l  h y p o t h e s i s  ( H o )  c a n  b e  s t a t e d  

a s  a n d  + h e  a l t e r n a t e  h y p o t h e s i s  I s  t h e  

c o n v e r s e  p ^  ^  p ^  •  

T h e  r e s u l t s  o f  t h e  t e s t  a r e  l i s t e d  i n  T a b l e  I  I  I  —  6 .  T h e  

f i r s t  c o l u m n  l i s t s  t h e  v a r i a b l e s  w h i c h  a r e  m o s t  u s e f u l  i n  

d i s c r i m i n a t i n g  t h e  t w o  c l u s t e r  g r o u p i n g s  w i t h  t h e  b e s t  

d i s c r i m i n a t o r  a t  t h e  t o p .  T h e  s e c o n d  c o l u m n  I s  t h e  W I  I k ' s  

l a m b d a  s t a t i s t i c .  I t  I s  u s e d  t o  t e s t  f o r  s i g n i f i c a n c e  

b e t w e e n  t h e  g r o u p s .  A  s m a l l e r  v a l u e  o f  t h e  l a m b d a  s t a t i s t i c  

I m p l i e s  g r e a t e r  s t a t i s t i c a l  s i g n i f i c a n c e  b e t w e e n  t h e  g r o u p s .  

T h e  s t a t i s t i c a l  s i g n i f i c a n c e  I n c r e a s e s  a s  m o r e  v a r i a b l e s  a r e  

a d d e d .  T h e  t h i r d  c o l u m n  ( P r o b .  < L a m b a )  I s  t h e  p r o b a b i l i t y  o f  

o b t a i n i n g  a  W I  I k ' s  l a m b d a  s t a t i s t i c  s m a l l e r  t h a n  t h e  o b s e r v e d  

s t a t i s t i c  I n  c o l u m n  t w o  w h e n  I n  f a c t  t h e  n u l l  h y p o t h e s i s ,  
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T a b l e  I  I  I  —  6 .  R e s u l t s  o f  s t e p w i s e  M A N O V A  a n a l y s i s  f o r  
s p r i n g s  a n d  w e l l s  i n  C a r i b o u  R a n g e  s t u d y  
a r e a ,  s o u t h e a s t e r n  I d a h o  a n d  w e s t e r n  
W y o m I n g .  

W i I k ' s  P r o b . <  
V a r i a b l e  L a m b d a  L a m b d a  

L T D S  . 0 3 4 7 6  0 . 0 0 0 1  
L K  . 0 2 2 1 4  0 . 0 0 0 1  
P H  . 0 1 9 1 4  0 . 0 0 0 1  
L C L  . 0 1 6 7 6  0 . 0 0 0 1  
L C A  . 0 1 3 8 3  0 . 0 0 0 1  
L F  . 0 1 0 9 8  0 . 0 0 0 1  

t h a t  t h e  m e a n s  a r e  e q u a l ,  i s  t r u e .  T h u s  b y  u s i n g  t h e  m o s t  

d i s c r i m i n a t i n g  v a r i a b l e ,  L T D S ,  t h e  c h a n c e  o f  o b t a i n i n g  a  

v a l u e  o f  l a m b d a  l e s s  t h a n  .  0 3 4 7 6  i s  < . 0 0 0 1  I f  H o  I s  t r u e .  

T h i s  I m p l i e s  t h a t  t h e r e  i s  a  d i f f e r e n c e  b e t w e e n  t h e  t w o  

g r o u p s .  T h e  a d d i t i o n  o f  t h e  r e m a i n i n g  v a r i a b l e s  e s s e n t i a l l y  

d o e s  n o t  I m p r o v e  t h e  a b i l i t y  t o  d i s c r i m i n a t e  b e t w e e n  t h e  t w o  

g r o u p s .  

D i s c u s s i o n  o f  t h e  R e s u l t s  

T h e  c l u s t e r  a n a l y s i s  i n d i c a t e s  t h a t  t h e r e  a r e  a t  l e a s t  

t w o  m a j o r  c l u s t e r s .  T h e s e  t w o  g r o u p s  a r e  s h o w n  I n  F i g u r e  

I  I  1 - 7 .  T h e  s t e p w i s e  M A N O V A  a n a l y s i s  i n d i c a t e s  t h a t  t h e  m o s t  

d i s c r i m i n a t i n g  v a r i a b l e  I s  l o g  T D S  a n d  t h a t  b y  u s i n g  t h i s  

v a r i a b l e  a l o n e  t h a t  t h e s e  t w o  c l u s t e r s  c a n  b e  s e p a r a t e d .  
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A  g r o u n d  w a t e r  f l o w  s y s t e m  I s  m a d e  u p  o f  t h r e e  

c o m p o n e n t s :  t h e  r e c h a r g e  a r e a ,  t h e  f l o w  p a t h ,  a n d  t h e  

d i s c h a r g e  a r e a .  T h i s  I n v e s t i g a t i o n  h a s  c o n c e n t r a t e d  o n  t h e  

p h y s i c a l  c h a r a c t e r i s t i c s  a n d  w a t e r  q u a l i t y  a t  t h e  d i s c h a r g e  

a r e a s .  P o s t u l a t e d  g r o u n d  w a t e r  f l o w  p a t h s  f o r  t h e  s p r i n g s  

e x a m i n e d  I n  t h e  s t u d y  a r e a  a r e  p r e s e n t e d  i n  t h i s  s e c t i o n  

u s i n g  t h e  p h y s i c a l  a n d  c h e m i c a l  s e t t i n g  o f  t h e  s p r i n g s  a n d  

w e l l s  a n d  b a s i c  h y d r o l o g l c  c o n c e p t s .  

T h e  c l u s t e r  a n a l y s i s  d i s c r i m i n a t e d  t w o  g r o u p s  o f  s p r i n g s  

w i t h  s i m i l a r  c h e m i s t r i e s .  T h e  f i r s t  g r o u p  o f  s p r i n g s  t o  b e  

e x a m i n e d  h a v e  h i g h  c o n c e n t r a t i o n s  o f  a l l  t h e  m a j o r  i o n s ,  l o w  

p H  v a l u e s ,  a n d  e l e v a t e d  t e m p e r a t u r e s .  

F i v e  o f  t h e  s p r i n g s  i n  t h i s  g r o u p  a r e  a s s o c i a t e d  w i t h  

t h e  g r a b e n  f o r m i n g  f a u l t s  a l o n g  t h e  S w a n ,  G r a n d ,  a n d  S t a r  

v a l l e y s :  H e l s e  H o t  S p r i n g s  ( H - 3  a n d  1 - 3 ) ,  F a l l  C r e e k  M i n e r a l  

S p r i n g s  ( H - 9 ,  H — 1 0 ,  a n d  1 - 1 0 ) ,  A l p i n e  H o t  S p r i n g s  ( 1 - 2 1  a n d  

1 - 2 2 ) ,  A u b u r n  H o t  S p r i n g s  ( H - 2 6  a n d  W - 2 6 ) ,  a n d  J o h n s o n  

S p r i n g s  ( H - 2 7 ) .  T w o  h y p o t h e s e s  f o r  t h e  g r o u n d  w a t e r  f l o w  t o  

t h e s e  s p r i n g s  m a y  b e  s t a t e d .  

1 .  R e c h a r g e  o c c u r s  I n  t h e  m o u n t a i n  r a n g e s ,  w h e r e  t h e r e  a r e  

h i g h  r a t e s  o f  p r e c i p i t a t i o n .  T h e  I n t e n s e  s t r u c t u r a l  

d e f o r m a t i o n  o f  t h e  r a n g e s  I n c r e a s e  t h e  v e r t i c a l  h y d r a u l i c  

c o n d u c t i v i t y  a l l o w i n g  d o w n w a r d  m o v e m e n t  o f  g r o u n d  w a t e r .  

T h e  w a t e r  m o v e s  l a t e r a l l y  a l o n g  b e d d i n g  p l a n e s  t o  t h e  
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f a u l t  s y s t e m s  b o r d e r i n g  t h e  S w a n ,  G r a n d ,  a n d  S t a r  v a l l e y s  

w h e r e  t h e  f a u l t  p r o v i d e s  a  c o n d u i t  o f  h i g h  h y d r a u l i c  

c o n d u c t i v i t y  a l l o w i n g  t h e  t h e r m a l  w a t e r  t o  m o v e  t o  t h e  

s u r f a c e .  S o m e  m i x i n g  a n d  c o o l i n g  o f  t h e  d e e p  t h e r m a l  

g r o u n d  w a t e r  c r e a t e s  v a r i a t i o n s  i n  t e m p e r a t u r e  a n d  w a t e r  

q u a l i t y  f o u n d  a l o n g  t h e s e  s y s t e m s .  

2 .  R e c h a r g e  o c c u r s  a l o n g  t h e  s u r f a c e  e x p o s u r e  o f  t h e  m a j o r  

f a u l t s  b o r d e r i n g  t h e  S w a n ,  G r a n d ,  a n d  S t a r  v a l l e y s .  T h e  

w a t e r  m o v e s  d o w n w a r d  f o l l o w i n g  t h e  v e r t i c a l  c o n d u i t  

f o r m e d  b y  t h e  m a j o r  f a u l t i n g .  T h i s  d e e p  t h e r m a l  w a t e r  

f o l  l o w s  t h e  t r a c e  o f  t h e  f a u l t  t o  m o v e  t o  t h e  s u r f a c e  a t  

a  s i t e  s o m e  d i s t a n c e  f r o m  t h e  r e c h a r g e  a r e a .  A n d  a g a i n ,  

s o m e  c o o l i n g  a n d  m i x i n g  o f  t h e  d e e p  t h e r m a l  g r o u n d  w a t e r  

w o u l d  c r e a t e  v a r i a t i o n s  I n  t e m p e r a t u r e  a n d  w a t e r  q u a l i t y  

a s  s e e n  I n  t h e  s p r i n g s  i n  t h i s  s y s t e m .  

T h e  r e m a i n i n g  t w o  t h e r m a l  s p r i n g s  i n  t h e  f i r s t  g r o u p  

w i t h  h i g h  s p e c i f i c  c o n d u c t i v i t i e s  a r e  U n n a m e d  S p r i n g  a t  ' I S  

4 0 E  4 a b c S  ( H - 1 6 )  a n d  B r o c k m a n  H o t  S p r i n g s  ( H - 2 3 ) .  T h e  w a t e r  

f r o m  t h e s e  s p r i n g s  m u s t  c i r c u l a t e  t o  d e p t h s  w h e r e  t h e y  c a n  b e  

h e a t e d ;  h o w e v e r  t h e r e  a r e  n o  m a j o r  f a u l t s  c l o s e l y  a s s o c i a t e d  

w i t h  e i t h e r  o f  t h e s e  s i t e s .  T h e  c l o s e n e s s  I n  t h e i r  

c h e m i s t r i e s  I n d i c a t e s  t h a t  t h e  p r o c e s s e s  w h i c h  c o n t r i b u t e  t o  

t h e i r  c h e m i s t r i e s  a r e  s i m i l a r .  B o t h  s p r i n g s  I s s u e  f r o m  r o c k s  

o f  t h e  G a n n e t t  G r o u p  a n d  h a v e  m i n o r  f a u l t s  n e a r  t h e m .  T h e i r  

l o c a t i o n s  t o  o n e  a n o t h e r ,  r e l a t i v e  t o  t h e  t r e n d  o f  t h e  S w a n  
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a n d  G r a n d  V a l l e y  f a u l t s ,  I m p l i e s  t h a t  t h e r e  m a y  b e  a  l i n e a r  

f e a t u r e  w h i c h  m a y  r e l a t e  t h e s e  t w o  s p r i n g s .  

T h e  s e c o n d  g r o u p  d i f f e r e n t i a t e d  b y  t h e  c l u s t e r  a n a l y s i s  

I s  m a d e  u p  o f  s p r i n g s  w i t h  l o w e r  c o n c e n t r a t i o n s  o f  a l l  t h e  

m a j o r  I o n s ,  a n d  a s  a  g r o u p  h a v e  h i g h e r  p H  v a l u e s  a n d  l o w e r  

t e m p e r t u r e s .  T h i s  g r o u p  c a n  b e  f u r t h e r  s e p a r a t e d  I n t o  t h r e e  

s u b g r o u p s  b y  t h e i r  g e o l o g i c  s e t t i n g  a n d  t e m p e r t u r e s .  

T h e  f i r s t  s u b g r o u p  h a s  t h r e e  s p r i n g s  a n d  t w o  w e l l s  t h a t  

e m e r g e  f r o m  r h y o l l t e  I n  t h e  n o r t h w e s t e r n  p o r t i o n  o f  t h e  s t u d y  

a r e a :  E l k h o r n  W a r m  S p r i n g  ( H - 1 ) ,  H a w l e y  W a r m  S r p l n g  ( H - 2 ) ,  

U n n a m e d  S p r i n g  a t  3 N  4 1 E  3 2 b b d S  ( H - 6 ) ,  D y e r  w e l l  ( H - 7 ) ,  a n d  

A n d e r s o n  w e l l  ( H - 8 ) .  A l l  o f  t h e s e  h a v e  t e m p e r a t u r e s  b e t w e e n  

1 6  t o  2 3 ° C .  T h e s e  s p r i n g s  a n d  w e l l s  a p p e a r  t o  b e  a s s o c i a t e d  

w i t h  c a l d e r a  s t r u c t u r e s  I n  t h i s  a r e a .  T h e  c a l d e r a s  f o r m  

c l o s e d  b a s i n s  f i l l e d  w i t h  p e r m e a b l e  m a t e r i a l s  w i t h  f a u l t s  

a r o u n d  t h e i r  r i m s  ( P r o s k t a  a n d  E m b r e e ,  1 9 7 8 ) .  P r e c i p i t a t i o n  

I n  t h e  m o u n t a i n s  r e c h a r g e s  t h e  g r o u n d  w a t e r  s y s t e m  w h e r e  s o m e  

o f  I t  f o l l o w s  f a u l t s  t o  t h e  d e p t h s  w h e r e  I t  I s  h e a t e d .  T h e  

w a t e r  r i s e s  t o  f o r m  w a r m  s p r i n g s  o r ,  I f  t h e  p l e z o m e t r l c  h e a d  

I s  n o t  g r e a t  e n o u g h  t o  f o r c e  I t  t o  t h e  s u r f a c e .  I t  m a y  l i e  a t  

d e p t h  w h e r e  I t  m a y  b e  p u m p e d  t o  t h e  s u r f a c e  b y  w e l l s .  T h e  

s i m i l a r i t y  I n  c h e m i s t r i e s  a n d  c l o s e n e s s  o f  l o c a t i o n  s u g g e s t s  

t h a t  t h i s  g r o u p  c a n  b e  f u r t h e r  d i v i d e d  t o  g r o u p  E l k h o r n  W a r m  

S p r i n g  a n d  H a w l e y  W a r m  S p r i n g  I n t o  o n e  g r o u p .  D y e r  a n d  

A n d e r s o n  w e l l s  i n t o  a  s e c o n d ,  a n d  U n n a m e d  S p r i n g  a t  3 N  4 1 E  

3 2 b b d S  I n t o  a  t h i r d  g r o u p .  
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T h e  s e c o n d  s u b g r o u p  h a s  o n e  s p r i n g ,  W a r m  S p r i n g  ( H - 2 0 ) .  

W a r m  S p r i n g  I s  u n i q u e  I n  b o t h  I t s  c h e m i s t r y  a n d  I t s  h i g h  

e l e v a t i o n .  T h e  c h e m i s t r y  m a y  b e  a  f u n c t i o n  o f  t h e  l l t h o l o g y  

a n d  t h e  e l e v a t e d  t e m p e r a t u r e  m a y  b e  a  f u n c t i o n  o f  t h e  

I  I t h o l o g y  a n d  t h e  e l e v a t e d  t e m p e r t u r e  m a y  b e  d u e  t o  

r e l a t i v e l y  s h a l l o w  c i r c u l a t i o n  o f  g r o u n d  w a t e r  I n  a  r e g i o n  o f  

h i g h  h e a t  f l o w .  

T h e  t h i r d  s u b g r o u p  h a s  t w e l v e  s p r i n g s  t h a t  p r o b a b l y  

r e p r e s e n t  s h a l l o w  g r o u n d  w a t e r  f l o w  s y s t e m s  c o n t r o l l e d  b y  t h e  

c o m p l e x  l l t h o l o g y  a n d  s t r u c t u r e  I n  t h i s  a r e a .  T h e s e  s p r i n g s  

a r e  t h e  r e s u l t  o f  l o c a l  g r o u n d  w a t e r  f l o w  s y s t e m s  f o r m e d  b y  

t h e  d i s c o n t i n u o u s  n a t u r e  o f  t h e  g e o l o g i c  u n i t s  o f  t h i s  a r e a .  

T h e i r  c o o l  t e m p e r a t u r e s  a t t e s t  t o  s h a l l o w  d e p t h s  o f  

c i r c u l a t i o n  a n d  t h e  l o w  I o n i c  c o n c e n t r a t i o n s  t o  s h o r t  f l o w  

p a t h s .  B u c k  l a n d  W a r m  S p r i n g  ( H - 5 )  I s  a s s o c i a t e d  w i t h  t h e  

B a l d y  M o u n t a i n  t h r u s t .  T h i s  s p r i n g  h a s  a  l a r g e  d i s c h a r g e  a n d  

a  h i g h  I o n i c  c o n t e n t  r e l a t i v e  t o  t h e  o t h e r  s p r i n g s  I n  t h i s  

g r o u p  w h i c h  s u g g e s t s  t h a t  I t  h a s  a  l o n g e r  f l o w  p a t h  a n d  a  

l a r g e r  r e c h a r g e  a r e a .  T h e  r e c h a r g e  a r e a  f o r  t h i s  s p r i n g  i s  

l o c a t e d  n o r t h  o f  t h e  s t u d y  a r e a  I n  t h e  S n a k e  R i v e r  R a n g e .  
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C H A P T E R  I V  

H Y D R O G E O L O G I C  R E C O N N A I S S A N C E  O F  T H E  M E A D E  T H R U S T  S U B A R E A  

I n t r o d u c t I o n  

G r o u n d  w a t e r  f l o w  s y s t e m s  I n  t h e  M e a d e  t h r u s t  s u b a r e a  

h a v e  b e e n  e v a l u a t e d  b o t h  a s  a  p a r t  o f  t h i s  s t u d y  a n d  a s  a  

r e s e a r c h  p r o j e c t  r e l a t e d  t o  p h o s p h a t e  m i n i n g  u n d e r  f u n d i n g  b y  

t h e  I d a h o  M i n i n g  a n d  M i n e r a l s  R e s o u r c e s  R e s e a r c h  I n s t i t u t e  

( R a l s t o n  a n d  M a y o ,  1 9 8 1 ) .  T h e  M e a d e  t h r u s t  s u b a r e a  I n c l u d e s  

t h e  M e a d e  P e a k  a l l o c h t h o n  a n d  I s  s i t u a t e d  b e t w e e n  t h e  

n o r t h e r n  a n d  s o u t h e r n  s u b a r e a s  ( F i g u r e s  1 - 1  a n d  I V - 1 ) .  ( A n  

a l l o c h t h o n  I s  a  b o d y  o f  r o c k s  t h a t  h a s  b e e n  m o v e d  a  l o n g  

d i s t a n c e  f r o m  t h e i r  o r i g i n a l  p l a c e  o f  d e p o s i t i o n  b y  a  

t e c t o n i c  p r o c e s s  s u c h  a s  o v e r t h r u s t I n g . )  T h e  s t u d y  a r e a  

c o n s i s t s  o f  t h e  l a r g e  p a r t  o f  s e v e n  1 5  m i n u t e  q u a d r a n g l e s  

w h i c h  c o v e r  a p p r o x i m a t e l y  3 7 0 0  s q u a r e  k i l o m e t e r s  a n d  I n c l u d e s  

p a r t s  o f  C a r i b o u  a n d  B e a r  L a k e  C o u n t i e s ,  I d a h o ,  a n d  L i n c o l n  

C o u n t y ,  W y o m i n g  ( F i g u r e  I V - 2 ) .  T h e  a l l o c h t h o n  c o n t a i n s  

f o l d e d  a n d  f a u l t e d  M e s o z o t c  a n d  P a l e o z o i c  s a n d y - s h a l y  

c a r b o n a t e  s t r a t a .  T h e  M e a d e  t h r u s t  f a u l t ,  p r e v i o u s l y  k n o w n  

a s  a  m a j o r  s e g m e n t  o f  t h e  B a n n o c k  t h r u s t  f a u l t ,  u n d e r p i n s  t h e  

a l l o c h t h o n  a n d  s u r f a c e s  a s  t h r u s t  s p l a y s  a l o n g  I t s  s o u t h e r n  

a n d  e a s t e r n  m a r g i n s .  
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Figure IV-1. Generalized structural map of the overthrust belt in southeast 
Idaho and western Wyoming. Study area is shaded. Modified 
after Royse and others (1975). 
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Figure IV-2. Hap of physiographic regions of the Meade thrust area 
southeastern Idaho. '  
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£ £ f l l . Q S - L £  S e t t  I  n g  

T h e  M e a d e  t h r u s t  a l l o c h t h o n  I s  d e f i n e d  h e r e  a s  t h a t  b o d y  

o f  a  I  I o c h t h o n o u s  s t r a t a  t r a n s p o r t e d  b y  t h e  M e a d e  t h r u s t  

f a u l t .  T h e  M e a d e  t h r u s t  f a u l t  I s  t h e  p r i n c i p a l  s t r u c t u r a l  

f e a t u r e  o f  B i a c k s t o n e ' s  ( 1 9 7 7 )  M e a d e  u n i t  a n d  I n  t h e  e a r l i e r  

l i t e r a t u r e  I s  k n o w n  a s  t h e  m a j o r  s e g m e n t  o f  M a n s f i e l d ' s  

( 1 9 2 7 )  B a n n o c k  t h r u s t  f a u l t .  

N u m e r o u s  p h y s i o g r a p h i c  f e a t u r e s  a r e  m e n t i o n e d  I n  t h i s  

r e p o r t ;  t h e  l o c a t i o n s  o f  t h e s e  f e a t u r e s  a r e  s h o w n  I n  

F i g u r e  I  V  —  2 .  

A I  I  o c h t h o n  a i L d  A i L i a a s i i l  A r e a s  

T h e  M e a d e  t h r u s t  a l l o c h t h o n  a n d  s u r r o u n d i n g  a r e a s  

c o n t a i n  a  f a i r l y  c o n t i n u o u s  s t r a t I  g r a p h  I c  r e c o r d  r e p r e s e n t i n g  

C a m b r i a n  t o  H o l o c e n e  t i m e .  M a n s f i e l d  ( 1 9 2 7 )  e s t i m a t e d  t h a t  

m o r e  t h a n  1 4 , 0 0 0  m  o f  c a l c a r e o u s ,  a r g i l l a c e o u s  a n d  c l a s t i c  

s e d i m e n t s  w e r e  d e p o s i t e d  I n  t h e  a r e a .  T h e  P a l e o z o i c  t h r o u g h  

l o w e r  M e s o z o l c  f o r m a t i o n s  a r e  p r e d o m i n a n t l y  o f  m a r i n e  

o r i g i n s ,  a n d  t h e  u p p e r  M e s o z o l c  a n d  C e n o z o l c  f o r m a t i o n s  a r e  

p r e d o m i n a n t l y  o f  n o n - m a r i n e  o r i g i n s .  

T h e  u p p e r  P a l e o z o i c  a n d  l o w e r  M e s o z o l c  f o r m a t i o n s  a r e  o f  

p a r t i c u l a r  I n t e r e s t  t o  t h i s  I n v e s t i g a t i o n  b e c a u s e  t h e y  a r e  

t h e  p r i n c i p a l  s t r a t a  I n  t h e  M e a d e  t h r u s t  a l l o c h t h o n .  

T h e  u p p e r  P a l e o z o i c  f o r m a t i o n s  a r e ,  I n  a s c e n d i n g  o r d e r ,  

t h e  L o d g e p o l e ,  M o n r o e  C a n y o n ,  W e l l s ,  P a r k  C i t y ,  a n d  
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P h o s p h o r l a .  T h e s e  f o r m a t i o n s  h a v e  a n  a g g r e g a t e  m a x i m u m  

t h i c k n e s s  o f  1 9 5 0  m .  T h e  L o d g e p o l e ,  M o n r o e  C a n y o n ,  a n d  W e l l s  

f o r m a t i o n s  p r e d o m i n a n t l y  I n c l u d e  c a r b o n a t e  a n d  s a n d y  s t r a t a  

w h i c h  h a v e  a n  a g g r e g a t e  m a x i m u m  t h i c k n e s s  o f  1 7 8 0  m .  T h e  

P a r k  C i t y  F o r m a t i o n  I s  r e p r e s e n t e d  b y  t h e  2 5  m  t h i c k  G r a n d e u r  

T o n g u e .  T h e  G r a n d e u r  T o n g u e  I s  c o m p o s e d  o f  d o l o m i t e  a n d  I s  

g e n e r a l l y  m a p p e d  a s  t h e  u p p e r m o s t  p a r t  o f  t h e  W e l l s  

F o r m a t i o n .  T h e  P h o s p h o r l a  F o r m a t i o n  h a s  a  m a x i m u m  a g g r e g a t e  

t h i c k n e s s  o f  1 4 5  m .  T h i s  f o r m a t i o n  i s  o n e  o f  t h e  m o s t  

s i g n i f i c a n t  h y d r o s t r a t I  g r a p h  I c  u n i t s  I n  t h e  s t u d y  b e c a u s e  I t  

c o n t a i n s  s i l i c e o u s  m u d s t o n e s ,  c h e r t s  a n d  p h o s p h a t l c  r o c k s  

w h i c h  h a v e  h y d r a u l i c  c o n d u c t i v i t i e s  s i g n i f i c a n t l y  l e s s  t h a n  

t h e  u n d e r l y i n g  a n d  o v e r l y i n g  s t r a t a .  T h e  P h o s p h o r l a  

F o r m a t i o n  f o r m s  a  h y d r o l o g i c  b o u n d a r y  b e t w e e n  t h e  a q u i f e r s  

a b o v e  a n d  b e l o w .  T h i s  f o r m a t i o n  I s  m i n e d  f o r  p h o s p h a t e .  

T h e  l o w e r  M e s o z o l c  f o r m a t i o n s  w h i c h  c r o p  o u t  I n  t h e  

a l l o c h t h o n  a r e .  I n  a s c e n d i n g  o r d e r ,  t h e  D I n w o o d y  a n d  T h a y n e s .  

T h e s e  f o r m a t i o n s  h a v e  a  m a x i m u m  a g g r e g a t e  t h i c k n e s s  o f  1 6 7 5  m  

a n d  h a v e  b e e n  s u b d i v i d e d  I n t o  s e v e r a l  m e m b e r s .  T h e  

f o r m a t i o n s  c o n s i s t  o f  c a r b o n a t e  a n d  s a n d y ,  s h a l y  s t r a t a  w h i c h  

a r e  g e n e r a l l y  l e s s  m a s s i v e l y  b e d d e d  t h a n  t h e  s t r a t a  o f  t h e  

u p p e r  P a l e o z o i c  f o r m a t i o n s .  

E x t e n s i v e  g e o l o g i c a l  m a p p i n g  h a s  b e e n  u n d e r t a k e n  I n  t h e  

s t u d y  a r e a  a n d  a d j a c e n t  a r e a s  b e c a u s e  o f  t h e  e c o n o m i c  

I m p o r t a n c e  o f  t h e  P h o s p h o r l a  F o r m a t i o n .  T h e  s t r a t I  g r a p h  I c  

n o m e n c l a t u r e  a p p l i e d  t o  t h e  a r e a  h a s  b e e n  c o n t i n u o u s l y  

117 



e v o l v i n g  s i n c e  t h e  t i m e  o f  t h e  f i r s t  g e o l o g i c  m a p p i n g  I n  

1 9 1 2 .  T h e  o n l y  m a p p i n g  w h i c h  c o v e r e d  t h e  e n t i r e  a l l o c h t h o n  

w a s  c o m p l e t e d  I n  1 9 2 7 .  S i n c e  1 9 2 7  n u m e r o u s  q u a d r a n g l e s  h a v e  

b e e n  r e m a p p e d  I n  g r e a t e r  d e t a i l .  S o m e  o f  t h e  f o r m a t i o n  n a m e s  

h a v e  b e e n  c h a n g e d ,  a n d  m e m b e r s  h a v e  c o m m o n l y  b e e n  n a m e d  t o  

m e e t  t h e  m a p p i n g  r e q u i r e m e n t s  o f  a  p a r t i c u l a r  q u a d r a n g l e .  A  

s t r a t  I g r a p h I c  c o r r e l a t i o n  c h a r t  o f  t h e  u p p e r  P a l e o z o i c  a n d  

l o w e r  M e s o z o l c  f o r m a t i o n s  m a p p e d  I n  t h e  a i l o c h t h o n  I s  

p r e s e n t e d  b y  M a y o  ( 1 9 8 2 )  a s  p a r t  o f  t h i s  r e s e a r c h  e f f o r t .  

S t r u c t u r e  o f  t h e  A  1  I o c h t h o n  

T h e  M e a d e  t h r u s t  a l l o c h t h o n  i s  a  b o d y  o f  u p p e r  P a l e o z o i c  

a n d  l o w e r  M e s o z o l c  s t r a t a  w h i c h  I s  u n d e r l a i n  b y  t h e  M e a d e  

t h r u s t  f a u l t .  T h e  a l l o c h t h o n  I s  u p  t o  4 0  k m  w i d e  I n  a n  

e a s t - w e s t  d i r e c t i o n  a n d  u p  t o  8 0  k m  l o n g  I n  a  n o r t h - s o u t h  

d i r e c t i o n .  T h e  m a j o r  s t r u c t u r a l  f e a t u r e s  o f  t h e  a l l o c h t h o n  

a r e  s h o w n  o n  a  g e n e r a l i z e d  g e o l o g i c  m a p  ( F i g u r e  I V - 3 )  a n d  o n  

t w o  e a s t - w e s t  s t r u c t u r e  s e c t i o n s  ( F i g u r e s  I  V  —  4  a n d  I  V  —  5  ) .  

O n  t h e  g e o l o g i c  m a p  t h e  r o c k  u n i t s  a r e  s h o w n  a s  t h e  u p p e r  

P a l e o z o i c  a n d  l o w e r  M e s o z o l c  f o r m a t i o n s ,  l o w e r  p l a t e  s t r a t a ,  

P l e i s t o c e n e  b a s a l t s ,  a n d  s u r f l c l a l  d e p o s i t s .  

T h e  s o l e  o f  t h e  M e a d e  t h r u s t  I s  t h o u g h t  t o  b e  c o n t i n u o u s  

u n d e r  t h e  a l l o c h t h o n  ( M a n s f i e l d ,  1 9 2 7 ;  R o y s e  a n d  o t h e r s ,  

1 9 7 5 ) .  E x c e p t  f o r  b r o a d  w a r p i n g  a n d  a  f e w  s t e e p l y  I n c l i n e d  

t h r u s t  s p l a y s  w h i c h  c u t  u p w a r d  f r o m  t h e  t h r u s t  s o l e ,  t h e  s o l e  

I s  g e n e r a l l y  b e l i e v e d  t o  b e  f l a t  l y i n g .  S t r u c t u r a l  s e c t i o n s  
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Figure IV-4. Generalized east west structure section through the overthrust belt of southeastern 
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Eocene. Location of the section is shown on figure IV-1. Modified after Royse and 
others (1975). 
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b y  M a n s f i e l d  ( 1 9 2 7 )  a n d  C r e s s m a n  ( 1 9 6 4 )  s h o w  t h e  d e p t h  o f  

t h e  t h r u s t  s o l e  f r o m  9 1 0  t o  2 2 0 0  m  b e l o w  l a n d  s u r f a c e .  A  

m o r e  r e c e n t  s t r u c t u r e  s e c t i o n  b y  R o y s e  a n d  o t h e r s  ( 1 9 7 5 )  

s h o w s  t h e  s o l e  a t  d e p t h s  r a n g i n g  f r o m  2 0 0  t o  3 3 0 0  m  b e l o w  

l a n d  s u r f a c e .  

T h e  M e a d e  t h r u s t  f a u l t  s u r f a c e s  a s  a  s e r i e s  o f  s t e e p l y  

I n c l i n e d  t h r u s t  s p l a y s  a l o n g  t h e  e a s t e r n  a n d  s o u t h e r n  b o r d e r s  

o f  t h e  a l l o c h t h o n .  T h e  s p l a y s  f o r m  a n  a r c u a t e  o u t c r o p  z o n e  

o f  d i s c o n t i n u o u s ,  b r a n c h i n g ,  a n d  s u b p a r a l l e l  t h r u s t  f a u l t s  

( M a n s f i e l d ,  1 9 2 7 ;  C r e s s m a n ,  1 9 6 4 ;  C o n n e r ,  1 9 8 0 ;  H a t c h ,  1 9 8 0 ;  

a n d  J e n k i n s ,  1 9 8 1 ) .  T h e  e a s t e r n  t h r u s t  z o n e  I s  1 . 5  t o  4 . 5  k m  

w i d e  a n d  e x t e n d s  s o u t h w a r d  f r o m  G r a y s  L a k e  f o r  a  d i s t a n c e  o f  

7 0  k m  a l o n g  t h e  e a s t e r n  f r o n t  o f  t h e  W e b s t e r  a n d  P r e u s s  

R a n g e s .  A r m s t r o n g  a n d  C r e s s m a n  ( 1 9 6 3 )  s u g g e s t  t h a t  t h e  

n o r t h e r n m o s t  o f  t h e s e  s p l a y s  m a y  b e  n o r m a l  f a u l t s .  

T h e  w e s t e r n  p o r t i o n  o f  t h e  a l l o c h t h o n  I s  a b r u p t l y  

t r u n c a t e d  b y  a  m a j o r  e x t e n s i o n  f a u l t  z o n e  a l o n g  t h e  w e s t e r n  

f r o n t  o f  t h e  A s p e n  R a n g e .  T h e  z o n e  I s  m o r e  t h a n  4 0  k m  l o n g  I n  

a  n o r t h w e s t e r l y  d i r e c t i o n  a n d  f o r m s  t h e  b o r d e r  s e p a r a t i n g  t h e  

A s p e n  R a n g e  h o r s t  t o  t h e  e a s t  f r o m  t h e  s o u t h e r n  B l a c k f o o t  

R e s e r v o i r  a n d  n o r t h e r n  B e a r  R i v e r  V a l l e y  g r a b e n s  t o  t h e  w e s t .  

A r m s t r o n g  ( 1 9 6 9 )  s u g g e s t e d  t h a t  t h e r e  I s  a t  l e a s t  9 1 0  t o  

1 5 0 0  m  o f  s t r a t i g r a p h i c  t h r o w  a l o n g  t h e  f r o n t a l  f a u l t  z o n e ;  

M a b e y  a n d  O r i e l  ( 1 9 7 0 )  I d e n t i f i e d  u p  t o  1 5 0 0  m  o f  T e r t i a r y  

s e d i m e n t s  I n  t h e  a d j a c e n t  g r a b e n s .  
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T h e  n o r t h e r n  b o r d e r  o f  t h e  a l l o c h t h o n  t s  o b s c u r e d  b y  

T e r t i a r y  b a s a l t  a n d  g e o l o g i c  c o m p l e x i t i e s .  M a n s f i e l d  ( 1 9 2 7  

a n d  1 9 5 2 )  s u g g e s t e d  t h a t  t h e  M e a d e  t h r u s t  f a u l t  e x t e n d s  

n o r t h w a r d  t o  t h e  S n a k e  R i v e r  P l a i n  a  d i s t a n c e  o f  1 1 0  k m  f r o m  

G e o r g e t o w n ,  I d a h o .  A r m s t r o n g  a n d  C r e s s m a n  ( 1 9 6 3 ,  p .  J 8 )  

r e i n t e r p r e t e d  t h e  n o r t h e r n  e x t e n t  o f  t h e  t h r u s t  f a u l t ,  

s u g g e s t  I n g  

. . . t h e  e a s t w a r d  t r e n d i n g  t e a r  f a u l t s  
p a r t i a l l y  a b s o r b e d  t h e  m o v e m e n t  a l o n g  t h e  
t h r u s t  a n d  t h e y  p r o b a b l y  I n d i c a t e  t h e  
n o r t h e r n  e n d  o f  t h e  t h r u s t  p l a t e .  

T h i s  r e l n t e r p r e t a t I  o n  l i m i t s  t h e  n o r t h e r n  b o r d e r  t o  t h e  

v i c i n i t y  o f  t h e  B l a c k f o o t  R e s e r v o i r ,  a  d i s t a n c e  o f  6 5  t o  8 0  

k m  f r o m  G e o r g e t o w n .  A l l m e n d l n g e r  ( 1 9 8 1 )  s u g g e s t s  e x t e n s i o n  

o f  t h e  M e a d e  t h r u s t  t o  t h e  S n a k e  R i v e r  P l a i n .  

N o r m a l  f a u l t s  h a v e  c u t  t h e  a  I  I o c h t h o n o u s  s t r a t a  I n  m a n y  

l o c a t i o n s .  T h e s e  f a u l t s  g e n e r a l l y  h a v e  s t r a t I  g r a p h  I c  t h r o w s  

o f  2 0 0  m  o r  l e s s  ( M a n s f i e l d ,  1 9 2 7 ;  C r e s s m a n  a n d  G u l b r a n d s e n ,  

1 9 5 5 ;  G u l b r a n d s e n  a n d  o t h e r s ,  1 9 5 6 ;  a n d  o t h e r s ) .  T h e  l i m i t e d  

s t r a t I  g r a p h  I c  t h r o w s  s u g g e s t  t h e  f a u l t s  a r e  r e s t r i c t e d  t o  t h e  

a  I  I o c h t h o n o u s  s t r a t a  a n d  d o  n o t  d i s p l a c e  l o w e r  p l a t e  r o c k s .  

S t r a t a  b e l o w  t h e  M e a d e  t h r u s t  f a u l t  a r e  b e l i e v e d  t o  b e  

c o n t i n u o u s  a n d  n e a r l y  h o r i z o n t a l  ( C r e s s m a n ,  1 9 6 4 ;  R o y s e  a n d  

o t h e r s ,  1 9 7 5 ) .  

S t r a t a  w i t h i n  t h e  a l l o c h t h o n  h a v e  b e e n  f o l d e d  I n t o  b r o a d  

a n d  o p e n ,  n o r t h e r l y  t r e n d i n g  a n t i c l i n e s  a n d  s y n c l l n e s .  

M a n s f i e l d  ( 1 9 2 7 ) ,  C r e s s m a n  ( 1 9 6 4 )  a n d  o t h e r s  b e l i e v e  t h a t  
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f o l d i n g  a c c o m p a n i e d  t h r u s t i n g ;  R I o u x  a n d  o t h e r s  ( 1 9 7 5 )  

s u g g e s t  t h e  f o l d i n g  m a y  h a v e  p r e c e e d e d  o r  a c c o m p a n i e d  

t h r u s t  I n g .  

T h e  a n t i c l i n e s  a n d  s y n c l l n e s  h a v e  b e e n  e r o d e d  I n t o  a  

r i d g e  a n d  v a l l e y  s y s t e m  w h o s e  n a r r o w ,  l i n e a r  f e a t u r e s  

d o m i n a t e  t h e  t o p o g r a p h y  o f  t h e  a l l o c h t h o n ' s  I n t e r i o r .  

I n v e r t e d  r e l i e f  I s  c o m m o n  I n  t h e  r i d g e s  a n d  v a l l e y s ;  

a n t i c l i n e s  h a v e  b e e n  e r o d e d  I n t o  v a l l e y s ,  a n d  s y n c l l n e s  h a v e  

b e e n  e r o d e d  i n t o  r i d g e s .  T h e s e  v a l l e y s  a n d  r i d g e s  s h a r e  t h e  

n a m e s  o f  t h e  f o l d s .  T h e  r i d g e  a n d  v a l l e y  s y s t e m  e x t e n d s  

a l m o s t  t h e  e n t i r e  l e n g t h  a n d  w i d t h  o f  t h e  a l l o c h t h o n ,  t h e  

l o n g e s t  r i d g e  b e i n g  3 5  k m  l o n g ,  4  k m  w i d e  a n d  r i s i n g  4 6 0  m  

a b o v e  I t s  a d j a c e n t  v a l l e y  f l o o r .  S h a l l o w  s e a t e d  e x t e n s i o n  

f a u l t s  c o m m o n l y  p a r a l l e l  t h e  f o l d  a x e s .  

T h e  A s p e n  a n d  W e b s t e r  R a n g e s  a r e  t h e  w e s t e r n  a n d  e a s t e r n  

r a n g e s  o f  t h e  a l l o c h t h o n ,  r e s p e c t i v e l y .  T h e  r a n g e s  h a v e  

I n t e r m o n t a n e  v a l l e y s  w h i c h  h a v e  l e s s  r e l i e f  t h a n  t h e  v a l l e y s  

I n  t h e  R i d g e  a n d  V a l l e y  s y s t e m .  I n  t h e  A s p e n  R a n g e ,  

e x t e n s i o n  f a u l t s  h a v i n g  l i m i t e d  d i s p l a c e m e n t  h a v e  c u t  t h e  

f o l d e d  s t r a t a  I n t o  b l o c k s .  T h e s e  f a u l t s  g e n e r a l l y  p a r a l l e l  

t h e  f o l d  a x e s .  T h e  W e b s t e r  s y n c l l n e  a n d  B o u l d e r  C r e e k  

a n t i c l i n e  a r e  t h e  m a j o r  s t r u c t u r a l  f e a t u r e s  o f  t h e  W e b s t e r  

R a n g e .  T h e  t w o  f o l d s  c o n t i n u e  a l m o s t  u n i n t e r r u p t e d  a l o n g  t h e  

5 0  k m  l e n g t h  o f  t h e  W e b s t e r  R a n g e .  
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P h y s I c a I  a n d  C h e m i c a l  
Q±  . S p r  I  n g s  a n d  W e  I  I  s  

f l y g r v  1  e a  

W a t e r  q u a l i t y  s a m p l e s  w e r e  c o l l e c t e d  f r o m  t h i r t y - e i g h t  

s p r i n g s  a n d  t h r e e  w e l l s  t o  d e t e r m i n e  t h e  p h y s i c a l  a n d  

c h e m i c a l  c h a r a c t e r i s t i c s  o f  r e p r e s e n t a t i v e  d i s c h a r g e  w a t e r s  

( F i g u r e  I V - 6 ) .  T w e n t y - f i v e  o f  t h e  s p r i n g s  a n d  t w o  f l o w i n g  

a r t e s i a n  w e l l s  I s s u e  f r o m  t h e  p e r i p h e r a l  r e g i o n  o f  t h e  M e a d e  

t h r u s t  a l l o c h t h o n .  T h e  r e m a i n i n g  w e l l  a n d  s p r i n g s  I s s u e  f r o m  

t h e  I n t e r i o r  o f  t h e  a l l o c h t h o n .  T h e  p e r i p h e r y  s p r i n g s  a p p e a r  

t o  f l o w  f r o m  s p l a y s  o f  t h e  M e a d e  t h r u s t  f a u l t  o r  f r o m  

e x t e n s i o n  f a u l t s  w h i c h  I n t e r s e c t  t h e  t h r u s t  f a u l t  a n d  a r e  

g e n e r a l l y  a s s o c i a t e d  w i t h  t h e  u p p e r  P a l e o z o i c  f o r m a t i o n s .  

T h e  d i s c h a r g e  l o c a t i o n s  o f  i n t e r i o r  s p r i n g s  a r e  g e n e r a l l y  n o t  

c o n t r o l l e d  b y  m a j o r  f a u l t s .  T h e s e  s p r i n g s  a r e  g e n e r a l l y  

a s s o c i a t e d  w i t h  t h e  l o w e r  M e s o z o l c  f o r m a t i o n s .  

W i t h i n  t h e  t w o  b r o a d  c a t e g o r i e s ,  p e r i p h e r y  a n d  i n t e r i o r ,  

t h e  s p r i n g s  h a v e  b e e n  o r g a n i z e d  I n t o  g r o u p s  a n d  s u b g r o u p s  o n  

t h e  b a s i s  o f  t h e i r  g e o l o g i c  a n d  p h y s i o g r a p h i c  

c h a r a c t e r i s t i c s .  T h e  w e l l s  h a v e  b e e n  I n c l u d e d  I n  t h e  g r o u p s  

w h i c h  a r e  l o c a t e d  c l o s e s t  t o  e a c h  w e l l .  T h e  o r g a n i z a t i o n a l  

s t r u c t u r e  I s :  

-  P e r i p h e r y  G r o u p s  

*  E x t e n s i o n  F a u l t  G r o u p s  
-  C o r r a l  C r e e k  
-  W e s t e r n  F r o n t a l  F a u l t  G r o u p  
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thrust area, southeastern Idaho. 
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-  H e n r y  G r o u p  
-  C h u b b  G r o u p  

*  T h r u s t  F a u l t  S p l a y  G r o u p s  
-  G e o r g e t o w n  C a n y o n  G r o u p  
-  E a s t e r n  T h r u s t  Z o n e  G r o u p  

-  I n t e r i o r  G r o u p s  

*  D r y  V a I  I e y - S c h m I d  R i d g e - S l u g  C r e e k  G r o u p  
*  P e l i c a n  R i d g e  G r o u p  

W a t e r  s a m p l e s  f r o m  t h e  f o r t y - o n e  s i t e s  w e r e  a n a l y z e d  f o r  

t h e  I o n s  C a 2  +  ,  N a  +  ,  K + ,  H C O  ~  ,  C I " ,  S O  2 ~ ,  a n d  F " ,  S 1 0  a n d  
J T L 

1  Q  
t h e  s t a b l e  I s o t o p e s  D  a n d  ° 0 .  S a m p l e s  f r o m  t e n  s i t e s  w e r e  

a n a l y z e d  f o r  ^ C  a n d  ^ C .  R e s u l t s  o f  t h e  c h e m i c a l  a n a l y s i s  

a r e  l i s t e d  I n  T a b l e  I V  —  1  .  D i s c h a r g e  m e a s u r e m e n t s  w e r e  t a k e n  

a t  e a c h  s i t e ,  a n d  t h e  s t r a t I  g r a p h  I c  a n d  s t r u c t u r a l  

r e l a t i o n s h i p s  o f  e a c h  s i t e  w e r e  o b t a i n e d  f r o m  t h e  g e o l o g i c  

l i t e r a t u r e .  T a b l e  I V - 2  I s  a  s u m m a r y  o f  d i s c h a r g e  m a g n i t u d e ,  

e l e v a t i o n ,  a n d  m a j o r  g e o l o g i c  f e a t u r e s  o f  e a c h  l o c a t i o n .  

D e s c r I p t i o n  £ l  S p r I n g s  a n d  W e  1 1 s  

T h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  t h e  s p r i n g s  a n d  w e l l s  a r e  

d e s c r i b e d  b e l o w .  O n e  o r  m o r e  g e o l o g i c  s e c t i o n s  w h i c h  t y p i f y  

t h e  d i s c h a r g e  a r e a  o f  e a c h  g r o u p  a r e  I n c l u d e d .  T h e  l o c a t i o n s  

o f  t h e  s t r u c t u r e  s e c t i o n s  a r e  s h o w n  o n  t h e  g e n e r a l i z e d  

g e o l o g i c  m a p  ( F i g u r e  I V — 3 )  a n d  t h e  l o c a t i o n s  o f  t h e  s p r i n g s  

a n d  w e l l s  a r e  s h o w n  i n  F i g u r e  I V - 6 .  

Per Iphery Extens ion Fau11 Groups 

C o r r a I  C r e e k  ( 1 ) .  F r o m  1 9 6 6  t o  1 9 7 0  t h e  F M C  c o r p o r a t i o n  

d r i l l e d  s e v e r a l  d o z e n  p h o s p h a t e  e x p l o r a t i o n  b o r e h o l e s  a l o n g  
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Table IV-1. Chemical analysis of spring and well waters collected in the Meade thrust area, 
southeastern Idaho. 

TOFXL ' ' " 

»aoplc  
lumber  Name and Locat ion 

Wn tor  
To mp.  

Speci  f ic  
Conduct  once 
( l i i rho/nm) 

Pi nsolved 
Sol  i ' Is  

tmq/U PH 
2 *  

Ca 

Concent  ra t  ion in  

2t  •  4 
Mg Na K 

rag/1 ( iTcq/1)  

r i"  F" hco3" so/"  Si"  

1  Corral  Creek vi .  9  5 .169 6 .6  900 2 75 on.  5  ?'.o 39.  7 1  .9  2831 900.4 P 3 

6S 4 IE 19bbd (44.9)  (22.6)  (3 .0)  (6 .4)  (1 .1)  (0 . in)  (46.4)  (10.7)  

2 Sinkhole  n  R04 6 .0  147 29 27 3 29 0 .6  504 33 31 
4S 41E 32bbS (7.3)  (2 .4)  (1 .2)  (0 .1)  (n.O) (0 .03)  (8 .  3)  (0 .7)  

3 Woodal l  11 1040 1137 6 .6  2 32 35 1 0.  3 7  0 .4  790 37 39 
7S 42E 34baS (11.6)  (2 .9)  (0.04) (n .nl)  (n . i )  (0 .02)  (12.9)  (O.O) 

4 North Woorlal l  1 7 i r ,4o 1701 6 .3  302 49 4 1 3 1 .0  1102 40 31 
7S 42E 2 7acS (19.1)  (4 .0) (M.7) (O.o l i  (0 .1)  (0 .05)  (19.4)  (1 .0)  

5  Formation 11 920 9.11 6 .6  190 ?9 0 .4  1 6  0 .  3 627 57 25 
BS 42E 27cbS (9.5)  (2 .4)  (o.o?) (0.0)) (0 .2)  (0 .07)  (10.2)  (1 .2)  

6  East  Soda 9  775 725 7  124 31 2 1  4 0 .2  513 35 15 
9S 42E lOacS (6.2)  (2 .6)  (0 .1)  (0.03)  (0 .1)  (0 .01)  (0 .4)  (0 .7)  

7  Sulphur  Canyon 10 660 607 7.2 121 20 2 1  4 0 .2  4 30 10 11 
9S 42E I3bc (6.0)  (1 .6)  (0 .1)  (0 .03)  (0 .1)  (0 .01)  (7 .2)  (0 .2)  

8  Swan Lake 91 16 1020 1009 6 .7  220 X.  3  0 .3  3 0 .2  751 57 19 
(Lakey Res.)  (11.0)  (3 .0)  (0 .1)  (0 .01)  (0 .1)  (0 .01)  (12.3)  (1 .2)  
9S 43E 30ccS 

9  Swan Lake 12 9  050 081 7 .1  150 X 3 0  4 0 .1  604 52 24 
9S 4 IE 30ccS (7.9)  (3 .0)  (0 .1)  (0) (0 .1)  (0 .01)  (9 .9)  (1 .1)  

10 Lone Tree 26 15 70 1506 6 .4  314 39 26 10 26 1 .7  909 75 17 
6S 42E 6abS (15.7)  (3 .2)  (1 .1)  (0 .5)  (0 .7)  (0 .09)  (16.2)  (1 .6)  

11 Henry Nam 91 15 970 914 6 .8  178 34 16 2 15 0 .5  624 46 18 
GS 42E 9acS (8.9)  (2 .B) (0 .7)  (0 .05)  (0 .4)  (0 .03)  (10 .2) (1 .0)  

12 Henry Harm 92 20 1410 1449 6 .3  284 44 25 0  32 1 .0  870 145 40 
6S 42E 9bcS (14.2)  (3 .6)  ( l . l )  (0-2)  (0 .9)  (0 .05)  (14.3)  (3 .0)  

13 Warm Spring ?  1  1510 1485 6 .  3 277 47 22 14 70 1 .7  994 84 25 
6S 42E 8MbS (13.8)  (3 .9)  (1 .0) (0 .4)  (O.G) (0 .09)  (16.3)  (1 .7)  

14 North Henry 15 070 792 6 .0  129 31 11 2 11 0.5 566 26 15 
6S 42E lObcS (6.4)  (2 .6)  (0 .5)  (O.05)  (0 .3)  (0 .03)  (9 .  3)  10.5)  

15 Li t t le  Blackfoot  River  15 940 90 1 6 .7  200 33 11 2 n 0.5 674 42 7 
6S 42E 15baS <10.  n)  (2 .7)  (0 .5)  (0.115)  (0 .4)  (0 .0  3)  (11.0) (0 .9)  

16 Oiubb 545 450 7.5 61 20 24 J  26 0.  3 240 61 24 
5S 42E l lccS (3.0)  (1 .6)  (1 .0)  (o.  05)  (o. 7) (0 .02)  (3 .9)  (1 .3)  



Table IV-1. Continued. 

Total  
Water  Specif ic  Dissolved 

M e  Temp.  Conductance Sol ids  
N u a b e r  N a m e  a n d  L o c a t i o n  ° c  ( , , n h o / c m )  ( „ g / l )  p H  

1 7  M a s t  C h u b b  1 2  5 1 0  4 4 7  ?  

SS 42E lOdaS 

, 10 Georgetown Canyon 7 3^ ? ^ 
10S 44E 35dcS 

19 Georgetown Canyon 8  350 330 75 
Tai l ings 
10S 45E 35cdS 

20 BI9 Spriny B 505 465 7 3  
10S 44E 28ccS 

21 Auburn Fish Hatchery 9  440 36B 7 5 
8S 46E 5baS 

22 Sage Val ley i2  460 397 7 5 
9S 46 E IBadS 

2 3  South Fork 12 400 353 74 
9S 46E 18daS 

24 Star  Val ley Hatchery 9  590 347 7 7 
7S 46E 32bdS 

25 Fence Una 10 4x0 458 7 1 
9S 46E 19adS 

26 Brooks Spring 12 425 396 75 
10S 45E Idas  

27 New Sal t  u  a50 906 7 4 
10S 45E Idas  

28 Nugget t  10 — 437 7 4 
9S 40E 20caS 

29 Crow Creek "anch 7 360 338 7 4 
10S 45E ISacS 

30 Slump Spring 5  460 4 1 3  7  1 
8S 44E 1  7ddS 

31 Lower Lone Tree 
8S 44K 2HbbS 

440 433 7.2 

32 Lover  Young Ranch 4  $00 490 
RS 44K 21 acS 

Concentration in mg/1 (oeq/l) 

, Hg 2 4  Na 1 1100-, SO42" Si02 

62 19 20 1  21 0 .3  234 65 25 
(3.1)  (1 .6)  (0 .9)  (0 .03)  (0 .6)  (0 .02)  (3 .8)  (1 .4)  

63 15 t race 0 .5  0  0 .1  195 69 IB 
(3.1)  (1 .2)  (0)  (0 .01)  (0)  (0 .01)  (3 .2)  (1 .4)  

64 16 t raoe 0.5 0  0.2 250 2 2 
(3 .2)  (1 .3)  (0)  (0 .01)  (0)  (0 .01)  (4 .1)  (0 .09)  

90 16 t race 0 2 0 .1  244 96 17 
(4.5)  (1 .3)  (0)  (0)  (0 .1)  (0 .01)  (4.0)  (2 .0)  

58 21 6  1  2 0 .1  232 16 32 
(3 .9)  (1 .7)  (0 .  3)  (0 .03)  (0 .1)  (0 .01)  (3 .8)  (0 .  3)  

64 21 6 0 7 0.4 232 38 29 
(3 .2)  (1 .7)  (0 .3)  (0)  (0 .2)  (0 .02)  (3 .8)  (0 .8)  

54 21 4 0 .5  10 0 .3  236 0  27 
(2.7)  (1 .7)  (0 .2)  (0 .01)  (0 .3)  (0 .02)  (3 .9)  (0)  

54 17 2 0 .5  4 0 .2  231 15 23 
(2.7)  (1 .4)  (0 .1)  (0 .01)  (0 .1)  (0 .01)  (3 .8)  (0 .3)  

23 

60 17 3 0 .5  4 0 .2  249 88 36 
(3 .0)  (1 .4)  (0 .1)  (0 .01)  (0 .1)  (0 .01)  (4 .1)  A . S I  

58 16 20 0  27 0 .4  233 7 35 
(2 .9)  (1 .3)  (0 .9)  (0)  (0 .8)  (0 .02)  (3 .8)  (0.7 )  

144 29 82 2  87 0 .3  277 241 44 
(7 .2)  (2 .4)  (3 .6)  (0 .05)  (2 .5)  (0 .02)  (4 .5)  (5.1)  

68 24 7 0  5 0.2 256 37 30 
(3 .4)  (2.0 ) (0 .  3)  (0)  0 .1)  (0.01)  (4 .2)  (0 .8)  

59 14 2 0 .5  2 0 .1  226 22 12 
(2 .9)  (1 .2)  (0.1)  (0 .01)  (0.1)  (0 .01)  (3 .7)  (0 .5)  

82 13 6  0  12 0 .1  262 19 19 
(4.  1)  (1 .1)  (0 .3)  (0)  (0 .3)  (0 .01)  (4 .3)  (0 .4)  

90 11 3 0 .8  3 0 .1  269 26 30 
(4 .5)  (0 .9)  (0 .1)  (0 .02)  (0.1)  (0 .01)  (4 .4)  (0 .5)  

111 8  10 1  0.5 10 0  312 19 29 
(5.4)  (0 .8)  (0 .04)  (0 .01)  (0 .3)  (0)  (5 .1)  (0 .4)  

• • - • • ps 



Table IV-1. Continued. 

Samp to 

Numbr r 

Water  

Temp. 
Name and Locat ion °C 

Total 
Specific Dissolved 

Conductance Sol ids 
(ytPho/m) (roq/1) pH Ca 

Concentrat ion in  mg/1 (ne*i / l )  

K* Cl"  F Mq 2 * Na SO*2" sio2 

Cold Spring 
10S 44E 3ddS 

385 7.5 74 5  4 4  
(3 .7)  (0 .4)  (0 .2)  (0 .1)  

0  0 .3  2 38 
(0)  (0 .02)  (3 .9)  

14 46 
(0 .  3)  

34 FMC 

8S 44E 15bd 
430 372 7.4 SI  18 o.e o.i 257 

(2.5)  ( l .S)  (0.1)  (0 .02)  (0 .H (0.01)  (4 .2)  
18 21 

(0 .4)  

Square Pond 
9S 44E 5ddS 

390 HO 7.  3  55 12 0.8 0 . 1  224 
(2.7)  ( t .O) (0. .3)  (0 .02)  (n.l) (0 .01)  (1 .7)  

fl 
( 0 . 2 )  

20 

Kundnon Ranch 
R5 44K 30dbS 

12 r .  3  1 5  
(1.1) (1.2) (0.3) (o.o S) (n.U ( O )  

2  i n  
( 3 . 0 )  

1 7  1 9  
(n. 4) 

Purple  Spring 
OS 43E l lcds  

11 2 1  0.2 254 
(7.5)  (1 .7)  (0 .3)  ( 0 . 0 5 )  ( 0 .1)  ( O .Ol)  (4 .2)  

21 17 
(0.4)  

CO 
o  

J O  

39 

Peterson Ranch 
9S 44E ScdS 

Pel ican Ridge 91 
5S 42E 391dcS 

320 

465 440 

6 .4  

70 1 9  

14 1 8  n .2 

(3 .5)  (1 .6)  (0 .2)  (0 .03)  (0 .2)  
t race 
(0) 

8 0  
(0 .4)  (0 .6)  (0 .6)  (0 .5)  (0 .3)  (0 .01)  (1 .5)  

294 
(4.8)  

11 31 
(0.2) 

17 29 
(0.4)  

40 Pel ican Ridge 92 
5S 42E 24dcS 

540 489 7.2 77 23 0 . 1  325 
(3 .8)  (1 .9)  (0 .1)  (0 .01)  (0 .2)  (0 .01)  (5 .3)  

34 18 
(0.7)  

41 North Pel ican 
5S 42E 17bcS 

290 252 7 .5  50 0.2 
(2 .5)  (0 .6)  (0 .1)  (0 .01)  (0 .1)  

t race 
( 9 )  

170 
( 2 . 8 )  

6 
(0. 1 )  

14 

^ Chemical samples collected during the summer of 1980. 
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Table IV-2. Physical settings of springs and wells in the Meade thrust area, southeastern Idaho. 

Sample 
Number Name and Location 

Water 

W "  

Elevation 
(m above 

MSL) 

Well 
Depth 
(m) 

Depth 
to Water 
(m) 

Discharge 
(1/s) Site Description 

1 Corral Creek 
6S 4 IE 19bbd 

39.9 1885 flowing 5 Artesian flow from phosphate test holes. 

2 Sinkhole 
4S 4 IE 32bbS 

19 1890 292 Flows from Wells formation along the Enoch 
Valley fault. 

3 Woodall 
7S 42E 34baS 

13 1900 365 Flows up an unnamed extension fault along 
the fault of the northern Aspen Range. Asso­
ciated with Wells formation. 

4 North Woodall 
7S 42E 27acS 

17 1900 28 Flows up an unnamed extension fault along the 
fault of the northern Aspen Range. Associated 
with Wells formation. 

5  Formation 
8S 42E 27cbS 

11 1875 488 Flows up an unnamed extension fault along the 
fault of the northern Aspen Range. Associated 
with Wells formation. 

6 East Soda 
9S 42E lOacS 

9 1840 85 Associated with Salt Lake formation; several 
extension faults have been mapped in the area. 

7 Sulphur Canyon 
9S 42E 13bc 

10 1870 unknown unknown 9 Artesian flow from Wells (?) formation in an 
area along the front of the Aspen Range which 
is bounded by extension faults. 

8 Swan Lake 11 
9S 4 3E 29CCS 

16 1890 85 Flows from Wells formation along front of 
Aspen Range in an area of extension faulting. 

9 Swan Lake 12 
9S 4 3E 30ccS 

9 1840 14 Flows from Wells formation along front of 
Aspen Range in an area of extension faulting. 

10 Lone Tree 
6S 42E 6abS 

26 1870 3 Flows up the Slug Valley (?) fault. 

11 Henry Warm 11 
6S 42E 9acS 

15 1867 88 Discharges on the Henry travertine terrace 
which conceals the intersection of the Henry 
and Slug Valley faults. 

12 Henry Warm 12 
6S 42E 9bos 

20 1870 55 Discharges on the Henry travertine terrace 
which conceals the intersection of the Henry 
and Slug Valley faults 

13 Warm Spring 
6S 42E 8dbS 

23 1880 14 Discharges on the Henry travertine terrace 
which conceals the intersection of the Henry 
and Slug Valley faults 
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Table IV-2. Continued. 

Sample 
Number Name and Location 

Water 
Temp. 
(°C> 

Elevation 
(m above 

MSL) 

Well Depth 
Depth to Water 

(m) (m) 
Discharge 
(1/s) Site Description 

OJ rsj 

14 

15 

If. 

1 7 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

North Henry 15 
65 42E lObcS 

Little Black foot 
River 15 
65 42 15baS 

Chubb 12 
55 42E llccS 

West Chubb 12 
5S 42E lOdaS 

Georgetown Canyon 7 
10S 44E 35dcS 

Georgetown Canyon 
Tailings 8 
10S 44E 35cdS 

Big Spring 8 
10S 44E 28ccS 

Auburn Fish Hatchery 9 
RS 46E 5baS 

Sage Valley 12 
95 46E 18adS 

South Fork 12 
95 46E 18daS 

Star Valley Hatchery 9 
7S 46E 32bdS 

Fence Line 10 
9S 46E 19adS 

Brooks Spring 12 
10S 45E IdaS 

New Salt 11 
10S 45E IdaS 

1883 

1880 

1905 

1905 

1997 

1997 

1970 

1980 

2270 

2270 

1975 

2120 

2009 

2060 

57 

45 

85 

408 

448 

60  

142 

246 

100 

100 

25 

99 

15 

Discharges on the Henry travertine terrace 
which conceals the intersection of the Henry 
and Slug Valley faults. 

Discharges from Wellr. formation along axis of 
Wooley Valley anticline. 

Flows from Monroe Canyon limestone along the 
Chuhb springs fault. 

Flows from Monroe Canyon limestone along the 
Chubb springs fault. 

Flows from the Wells formation along a splay 
of the Meade thrust. 

Flows from the Wells formation along a splay 
of the Meade thrust. 

Flows from a normal fault which cuts the 
Dairy Syncline and the Wells formation 

Flows from Meade thrust and the Thaynes 
f ormation. 

Flows from the Meade thrust and Wells (?) 
formation. 

Flows from the Meade thrust and Well3 (7) 
formation. 

Flows from contact of Portneuf (7) member and 
Timothy sandstone (7) member of Thaynes 
formation. 

Flows from the Meade thrust and Wells (7) 
formation. 

Flows from a splay of the Meade thrust (7) and 
the Wells (?) formation. 

Flows from Twin Creek limestone. 



Table IV-2. Continued. 

Sample 
Number Name and Location 

Water Elevation Well Depth 
Temp. (m above Depth to Water Discharge 
(°C> MSI.) (m) (m) (1/s) Site Description 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

Nuggett 
9S 4SE Idas 

Crow Creek Ranch 
10S 45E J 5acS 

Slump Spring 
8S 44E 17ddS 

Lower Lone Tree 
8S 44E 28bbS 

Lower Young Ranch 
8S 44E 21acS 

Cold Spring 
10S 44E 3ddS 

FMC 
8S 44E 16bd 

Square Pond 
9S 44E SddS 

Knudsen Ranch 
8S 44E 30dbS 

Purple Spring 
8S 43E llcdS 

Peterson Ranch 
9S 44E 5cd 

Pelican Ridge II 
5S 42E 39dcS 

Pelican Ridge 12 
5S 42E 24dcS 

North Pelican 
5S 42E 17bcS 

10 

7 

5 

8 

4 

4 

8 

8 

12 

11 

8 

7 

7 

8 

2090 

2048 

2080 

2065 

2080 

2095 

2000 435 

1955 

1940 

1935 

1955 unknown 

1920 , 

1985 

1915 

15 Flows from slice of Nuggett sandstone near 
the Meade thrust. 

161 Flows from the Wells formation at the contact 
with Monroe Canyon limestone. 

6 Flows from Thaynes formation along Schmid 
Syncline. 

6 Flows from Thaynes formation along Schmid 
Syncline. 

17 Flows from Thaynes formation along Schmid 
Syncline. 

3 Flows from Wells formation along Schmid 
Syncline. 

Well penetrates only the Wells formation. 

190 Flows from Dinwoody formation along Schmid 
Syncline. 

100 Flows from Dinwoody formation along Schmid 
Syncline. 

35 Flows from Wells formation along Schmid 
Syncline. 

Well in shallow alluvium in Slug Creek 
Valley. 

9 Flows from a fault bounded slice of the 
Dinwoody formation. 

3 Flows from a fault bounded slice of the 
Dinwoody formation. 

14 Flows from Dinwoody formation in the Meadow 
Creek graben. 

^ Data collected during the summers of 1979 and 1980. 



t h e  w e s t e r n  e d g e  o f  R e s e r v o i r  M o u n t a i n  w e s t  o f  t h e  B l a c k f o o t  

R e s e r v o i r  ( M i t c h e l l ,  1 9 7 6 )  ( F i g u r e  I V - 6 ) .  D r i l l i n g  

p e n e t r a t e d  t h e  p h o s p h a t e  o r e  b e a r i n g  M e a d e  P e a k  M e m b e r  o f  t h e  

P h o s p h o r l a  F o r m a t i o n  a n d  t e r m i n a t e d  I n  t h e  u p p e r  p o r t i o n  o f  

t h e  W e l l s  F o r m a t i o n .  A  g e n e r a l i z e d  n o r t h - s o u t h  s t r u c t u r e  

s e c t i o n  t h r o u g h  t h e  C o r r a l  C r e e k  a r e a  I s  s h o w n  I n  

F i g u r e . I V - 7 .  

T h e  b o r e h o l e s  w e r e  d r i l l e d  t h r o u g h  o l d e r  t r a v e r t i n e  

d e p o s i t s  a n d  m a n y  e n c o u n t e r e d  w a r m  w a t e r  a n d  a r t e s i a n  

c o n d i t i o n s .  J .  S p a l d i n g  ( o r a l  c o m m u n i c a t i o n ,  1 9 8 1 )  r e p o r t e d  

t h a t  w a r m  w a t e r  a n d  g a s  { 9 9 %  C O 2 )  w e r e  e n c o u n t e r e d  I n  t h e  

M e a d e  P e a k  M e m b e r  o f  t h e  P h o s p h o r l a  F o r m a t i o n ,  a n d  t h e  w a r m  

w a t e r  w a s  f o u n d  o n l y  I n  b o r e h o l e s  I n  a n  a r e a  o f  a  f e w  

h e c t a r e s .  T h e  n e a r b y  P e l i c a n  f a u l t  I s  t h e  l i k e l y  a v e n u e  f o r  

t h e  u p w a r d  m o v e m e n t  o f  t h e  w a r m  w a t e r .  T h e  w a t e r  p r o b a b l y  

m o v e s  l a t e r a l l y  I n t o  t h e  W e l l s  F o r m a t i o n .  

O n e  f l o w i n g  w e l l  ( F M C  1 6 6 ) ,  k n o w n  I n  t h i s  r e p o r t  a s  

C o r r a l  C r e e k  ( 1 ) ,  w a s  s a m p l e d .  T h e  w e l l  w a s  d i s c h a r g i n g  

a b o u t  I  l / s ,  d e p o s i t i n g  t r a v e r t i n e ,  a n d  e v o l v i n g  c o p i o u s  

a m o u n t s  o f  C O 2  g a s .  X - r a y  d i f f r a c t i o n  a n a l y s i s  o f  t h e  

l a y e r e d  t r a v e r t i n e  n e a r  t h e  f l o w i n g  w e l l  a n d  f r o m  a  n e a r b y  

p o n d  I n d i c a t e d  t h e  n e w  d e p o s i t s  a r e  v i r t u a l l y  p u r e  c a l c i t e .  

W e s t e r n  F r o n t a I  F a u l t  G r o u p  ( 2 - 9 ) .  E i g h t  s p r i n g s  a l o n g  

t h e  w e s t e r n  p e r i p h e r y  o f  t h e  M e a d e  t h r u s t  a l l o c h t h o n  h a v e  

b e e n  p l a c e d  I n t o  t h i s  g r o u p  ( F i g u r e  I V - 6 ) .  T h e  s p r i n g s  I s s u e  

f r o m  d e e p  s e a t e d  e x t e n s i o n  f a u l t s  w h i c h  f o r m  t h e  b o u n d a r y  
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Drill Hole 

Figure IV-7. North-south structure section through the Corral Creek area, 
southeastern Idaho. Courtesy of FMC Natural Resources 
Department, Denver, Colorado. 
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b e t w e e n  t h e  a l l o c h t h o n  a n d  t h e  g r a b e n s  t o  t h e  w e s t .  O n e  

s p r i n g .  S i n k h o l e  ( 2 ) ,  I s s u e s  f r o m  t h e  E n o c h  V a l l e y  f a u l t  a t  

t h e  b a s e  o f  W i l s o n  R i d g e .  T h e  E n o c h  V a l l e y  f a u l t ,  a l o n g  

w h i c h  W i l s o n  a n d  P e l i c a n  R i d g e s  h a v e  b e e n  u p l i f t e d ,  f o r m s  

t h e  n o r t h e a s t e r n  b o u n d a r y  o f  t h e  B l a c k f o o t  R e s e r v o i r  g r a b e n .  

T h e  r e m a i n i n g  s e v e n  s p r i n g s  ( 3 - 9 )  o f  t h i s  g r o u p  I s s u e  

f r o m  s t e e p l y  w e s t w a r d  d i p p i n g  f r o n t a l  e x t e n s i o n  f a u l t s  o f  t h e  

A s p e n  R a n g e .  T h e  f r o n t a l  f a u l t s  s e p a r a t e  t h e  A s p e n  R a n g e  

f r o m  t h e  s o u t h e r n  p o r t i o n  o f  t h e  B l a c k f o o t  R e s e r v o i r  g r a b e n  

a n d  t h e  n o r t h e r n  p o r t i o n  o f  t h e  B e a r  R i v e r  V a l l e y  g r a b e n .  

A l l  o f  t h e  s p r i n g s  I n  t h i s  g r o u p  a r e  e i t h e r  a c t i v e l y  

d e p o s i t i n g  o r  h a v e  d e p o s i t e d  l a r g e  t r a v e r t i n e  t e r r a c e s  

c o v e r i n g  h u n d r e d s  t o  t h o u s a n d s  o f  h e c t a r e s  e a c h .  S e v e r a l  

l a r g e  t r a v e r t i n e  d e p o s i t s  n o t  a s s o l c a t e d  w i t h  a c t i v e  s p r i n g s  

a r e  l o c a t e d  a l o n g  t h e  f r o n t  o f  t h e  A s p e n  R a n g e .  T h e s e  

d e p o s i t s  I n d i c a t e  s p r i n g  m i g r a t i o n  a l o n g  t h e  f r o n t a l  f a u l t  

z o n e .  I n  a l l ,  t h e  f r o n t a l  f a u l t  t r a v e r t i n e  t e r r a c e s  e x t e n d  

f o r  m o r e  t h a n  5 0  k m  a l o n g  t h e  b a s e  o f  t h e  A s p e n  R a n g e ,  

c o v e r i n g  4 3 2 0  h e t a r e s .  T h e  m a x i m u m  t h i c k n e s s  o f  t h e  

t r a v e r t i n e  d e p o s i t s  I s  n o t  k n o w n ;  m o r e  t h a n  2 5  m  o f  

t r a v e r t i n e  m a y  b e  s e e n  I n  a  c o l l a p s e  s t r u c t u r e  I n  t h e  S w a n  

L a k e  t e r r a c e .  

S i n k h o l e  s p r i n g  ( 2 ) ,  l o c a t e d  a t  t h e  b a s e  o f  W i l s o n  

R i d g e ,  I s  n a m e d  I n  t h i s  r e p o r t  a f t e r  a  l a r g e  s i n k h o l e  w h i c h  

f o r m e d  1 2 0  m  f r o m  t h e  s p r i n g  o n  t h e  l o w e r  s l o p e  o f  W i l s o n  
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R i d g e .  T h e  c i r c u l a r ,  v e r t i c a l  w a l l e d  s i n k  r e s u l t e d  f r o m  t h e  

c o l l a p s e  o f  s o l u t i o n  c a v i t i e s  i n  t h e  s t e e p l y  i n c l i n e d  W e l l s  

F o r m a t i o n .  T h e  t o p o g r a p h i c  m a p  o f  t h e  a r e a ,  m a d e  I n  1 9 1 7 ,  

d o e s  n o t  s h o w  t h e  s i n k h o l e ,  n o r  d o e s  M a n s f i e l d ' s  1 9 2 7  w o r k  

m e n t i o n  I t .  A n  e x a m i n a t i o n  o f  o b l i q u e  a e r i a l  p h o t o g r a p h s  o f  

t h e  a r e a  s u g g e s t s  t h e  m a i n  s i n k  I s  I n  t h e  h u b  o f  a n  a r e a ,  

p e r h a p s  7 5 0  t o  1 0 0 0  m  a c r o s s ,  u n d e r g o i n g  s u b s i d e n c e .  A  

r e c o n n a i s s a n c e  o f  t h e  a r e a  s u g g e s t s  t h e  s o l u t i o n  w e a t h e r i n g  

i s  a  c o n t i n u i n g  p h e n o m e n o n .  

W a t e r s  f r o m  S i n k h o l e  s p r i n g  h a v e  p r e c i p i t a t e d  a n  

e x t e n s i v e  t r a v e r t i n e  t e r r a c e  o n  t h e  C e n o z o l c  b a s a l t  f l o w s  o f  

t h e  B l a c k f o o t  l a v a  f i e l d  w h i c h  a b u t  t h e  b a s e  o f  W i l s o n  R i d g e  

( F i g u r e  I V - 8 a ) .  A p p r o x i m a t e l y  4 5 0  h e c t a r e s  o f  t h e  t e r r a c e  

a r e  v i s i b l e ,  a n d  a n  a d d i t i o n a l  8 0  t o  1 6 0  h e c t a r e s  h a v e  b e e n  

I n u n d a t e d  b y  t h e  w a t e r s  o f  B l a c k f o o t  R e s e r v o i r .  T h e  s p r i n g  

c u r r e n t l y  I s s u e s  m i d w a y  a l o n g  t h e  2 . 5  k m  l o n g  t r a v e r t i n e  

f r o n t  a t  t h e  b a s e  o f  W l I  s o n  R i d g e .  G r o u n d  w a t e r  f l o w  a p p e a r s  

t o  m o v e  a l o n g  t h e  E n o c h  V a l l e y  f a u l t .  F l o w  e m e r g e s  f r o m  

t h r e e  c l o s e l y  s p a c e d  o r i f i c e s  a t  t h e  b a s e  o f  t h e  r i d g e  a n d  

f r o m  f o u r  t o  f i v e  h o l e s  i n  t h e  b o t t o m  o f  a  s e v e r a l  h u n d r e d  

m e t e r  d i a m e t e r  p o o l  w h i c h  h a s  f o r m e d  o n  t h e  t e r r a c e  a b o u t  9  m  

f r o m  t h e  r i d g e  b a s e .  M e a s u r e d  d i s c h a r g e  w a s  2 9 2  l / s ;  a n  

e s t i m a t e d  3 0  t o  1 0 0  l / s  c o u l d  n o t  b e  m e a s u r e d .  

W o o d a l l  ( 3 )  a n d  N o r t h  W o o d a l l  ( 4 )  s p r i n g s  I s s u e  a l o n g  

t h e  f r o n t a l  e x t e n s i o n  f a u l t  z o n e  a t  t h e  b a s e  o f  t h e  n o r t h e r n  

A s p e n  R a n g e .  A  m i n i m u m  o f  6 4 0  m  o f  d i s p l a c e m e n t  b e t w e e n  t h e  
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Figure IV-8a, North-south structure section through 
Sinkhole spring (2) area. Modified 
after Mansfield (1927). 
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Figure IV-8b- East-west structure section through Woodall spring (3) 
area. Modified after Mansfield (1927). 
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A s p e n  R a n g e  h o r s t  a n d  t h e  B l a c k f o o t  R e s e r v o i r  g r a b e n  I s  

i n d i c a t e d  b y  M a n s f i e l d  ( 1 9 2 7 )  i n  a  s t r u c t u r e  s e c t i o n  c o v e r i n g  

t h e  a r e a  J u s t  s o u t h  o f  t h e  s p r i n g s .  G r e a t e r  d i s p l a c e m e n t  

a l o n g  t h e  f r o n t a l  f a u l t  z o n e  I s  s u g g e s t e d  b y  M a b e y  a n d  O r i e l  

( 1 9 7 0 ) ,  w h o  I d e n t i f i e d  a  m a j o r  g r a v i t y  l o w  c e n t e r e d  a b o u t  8  

k m  n o r t h w e s t  o f  t h e  s p r i n g s .  T h e y  s u g g e s t  a s  m u c h  a s  1 5 0 0  m  

o f  T e r t i a r y  s t r a t a  a n d  o v e r l y i n g  b a s a l t i c  l a v a  f l o w s  w o u l d  

a c c o u n t  f o r  t h e  g r a v i t y  l o w .  

T h e  s t r u c t u r a l  a n d  s t r a t I  g r a p h  I c  r e l a t i o n s h i p s  a t  t h e  

s p r i n g s  a r e  t y p i c a l  o f  t h o s e  a l o n g  t h e  A s p e n  R a n g e  f r o n t ;  

t h e  u p p e r  P a l e o z o i c  f o r m a t i o n s  I n  t h e  u p l i f t e d  b l o c k  a n d  t h e  

u p p e r  P a l e o z o i c  a n d  l o w e r  M e s o z o l c  f o r m a t i o n s  I n  t h e  

d o w n d r o p p e d  g r a b e n .  S u r f f c l a l  d e p o s i t s  o f  C e n o z o i c  a g e  

c o v e r  m o s t  o f  t h e  g r a b e n  ( F i g u r e  I  V - 8 b  ) .  

A c t i v e  t r a v e r t i n e  d e p o s i t i o n  a p e a r s  t o  b e  o c c u r r i n g  f r o m  

t h e  W o o d a l l  s p r i n g s .  T h e  s p r i n g s  a r e  l o c a t e d  I n  t h e  s o u t h e r n  

p o r t i o n  o f  a  9 5 0  h e c t a r e ,  1 6  k m  l o n g  t r a v e r t i n e  t e r r a c e  w h i c h  

a b u t s  t h e  b a s e  o f  t h e  A s p e n  R a n g e .  W o o d a l l  s p r i n g  ( 3 )  I s s u e s  

f r o m  t h e  b o t t o m  o f  a  . 6  t o  1 . 6  m  d e e p ,  o n e  h e c t a r e  p o n d .  

W a t e r  s a m p l e s  w e r e  t a k e n  a t  t h e  n o r t h  e n d  o f  t h e  p o n d  w h e r e  

g a s ,  p r e s u m a b l y  C O 2 ,  w a s  a c t i v e l y  e v o l v i n g .  N o r t h  W o o d a l l  

s p r i n g  ( 4 )  I s s u e s  f r o m  a  1 . 5  m  d i a m e t e r  p o o l ,  a b o u t  1 . 5  k m  

n o r t h  o f  W o o d a l l  s p r i n g .  N o r t h  W o o d a l l  I s  l o c a t e d  I n  a n  a r e a  

c o n t a i n i n g  n u m e r o u s  I n a c t i v e  t r a v e r t i n e  l e d g e s ,  p o o l  

s t r u c t u r e s ,  a n d  m i n o r  s e e p s .  B o t h  s p r i n g s  d i s c h a r g e  f r o m  t h e  
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u p l a n d  a r e a  o f  t h e  t e r r a c e  w h e r e  I t  a b u t s  t h e  A s p e n  R a n g e .  A  

d i s c h a r g e  o f  3 6 5  l / s  w a s  m e a s u r e d  f o r  W o o d a l l  I n  t w o  

I r r i g a t i o n  d i v e r s i o n  d i t c h e s  w h i c h  f l o w  f r o m  t h e  p o n d .  

D i s c h a r g e  f r o m  n o r t h  W o o d a l l  w a s  e s t i m a t e d  t o  b e  3 0  l / s .  

T o t a l  d i s c h a r g e  f r o m  t h e  W o o d a l l  t e r r a c e  m a y  b e  t w o  t o  t h r e e  

t i m e s  t h e  m e a s u r e d  d i s c h a r g e ,  b a s e d  o n  a n  a t r p l a n e  

r e c o n n a i s s a n c e  o f  t h e  a r e a .  I n  1 9 2 3 ,  t h e  t o t a l  d i s c h a r g e  

f r o m  t h e  p o n d  a t  W o o d a l l  w a s  a p p r o x i m a t e l y  7 0 0  l / s  

( M a n s f i e l d ,  1 9 2 7 ) .  D a m m i n g  o f  t h e  p o n d  f o r  a g r i c u l t u r a l  

d i v e r s i o n s  s i n c e  1 9 2 3  m a y  h a v e  r a i s e d  t h e  p o n d  l e v e l .  

I n d u c i n g  l e a k a g e  f r o m  t h e  t r a v e r t i n e  b o t t o m  o f  t h e  p o n d .  

F o r m a t i o n  s p r i n g  ( 5 ) ,  l o c a t e d  a t  t h e  b a s e  o f  t h e  A s p e n  

R a n g e  6 . 5  k m  n o r t h e a s t  o f  t h e  t o w n  o f  S o d a  S p r i n g s ,  I s  o n e  o f  

t h e  m a j o r  s o u r c e s  o f  w a t e r  f o r  t h a t  c o m m u n i t y  a s  w e l l  a s  f o r  

I r r i g a t i o n  f o r  s e v e r a l  l o c a l  r a n c h e r s .  T h e  s p r i n g ,  w h i c h  

I s s u e s  f r o m  t h e  f r o n t a l  f a u l t  z o n e ,  f o r m s  a  s m a l l  s t r e a m  

h a v i n g  a  n e a r l y  c o n s t a n t  f l o w  o f  6 8 0  t o  7 1 0  l / s .  M a n s f i e l d  

( 1 9 2 7 )  r e p o r t e d  t h a t  s i m i l a r  d i s c h a r g e s  w e r e  m e a s u r e d  s e v e r a l  

t i m e s  d u r i n g  1 9 2 3 .  R o c k s  o f  t h e  W e l l s  F o r m a t i o n  h a v e  b e e n  

e l e v a t e d  a t  l e a s t  1 0 0 0  m  a b o v e  s i m i l a r  r o c k s  I n  t h e  a d j a c e n t  

g r a b e n  a l o n g  t h e  f r o n t a l  f a u l t  z o n e .  S u r f l c i a l  r o c k s  

c o v e r i n g  t h e  P a l e o z o i c  a n d  M e s o z o l c  r o c k s  I n  t h e  g r a b e n  a r e  

C e n o z o l c  b a s a l t i c  l a v a s  a n d  t r a v e r t i n e .  F i g u r e  I V - 9  I s  a n  

e a s t - w e s t  s t r u c t u r e  s e c t i o n  t h r o u g h  t h e  s p r i n g  a r e a .  —  

F o r m a t i o n  s p r i n g  I s  a s s o c i a t e d  w i t h  a  5 1 5  h e c t a r e  

t r a v e r t i n e  t e r r a c e ,  a l t h o u g h  t h e  s p r i n g  d o e s  n o t  c u r r e n t l y  
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Figure IV-9. East-west structure section through Formation spring (5), Aspen Range, and 
graben, southeastern Idaho. Modified after Arstrong (1969). 



a p p e a r  + o  b e  d e p o s i t i n g  t r a v e r t i n e .  N u m e r o u s  w e l l  p r e s e r v e d  

t r a v e r t i n e  l e d g e s  a n d  a s s o c i a t e d  p o o l  s t r u c t u r e s  o c c u r r i n g  I n  

t h e  a r e a  s u g g e s t  t h a t  t r a v e r t i n e  d e p o s i t i o n  o c c u r r e d  I n  t h e  

n o t  t o o  d i s t a n t  p a s t .  M a n y  o f  t h e  s t r u c t u r e s  a p p e a r  t o  b e  s o  

f r e s h  t h a t  t h e  e a r l y  s e t t l e r s  c a l l e d  t h e m  f o r m a t i o n  r o c k  a n d  

n a m e d  t h e  s p r i n g  a f t e r  t h e m .  

E a s t  S o d a  s p r i n g  ( 6 )  i s  l o c a t e d  e a s t  o f  S o d a  S p r i n g s  I n  

t h e  t r a v e r t i n e  b e l t  a l o n g  t h e  f r o n t  o f  t h e  A s p e n  R a n g e .  T h e  

s p r i n g  I s  a c t u a l l y  s e v e r a l  s e e p a g e  a r e a s  I n  a  o n e  h e c t a r e  w e t  

l a n d  a t  t h e  h e a d  o f  a  s m a l l  d r a w  c u t  I n t o  l o w  h i l l s  o f  

T e r t i a r y  S a l t  L a k e  F o r m a t i o n  n e a r  t h e  b a s e  o f  t h e  A s p e n  

R a n g e .  A  3 0 0  h e c t a r e  o l d e r  t r a v e r t i n e  t e r r a c e ,  p a r t i a l l y  

c o v e r e d  b y  m o r e  r e c e n t  a l l u v i u m  a n d  s o i l ,  i s  p r e s e n t  a b o u t  

2 0 0  m  t o  t h e  s o u t h .  T h e  d e p o s i t  m a y  e x t e n d  t o  t h e  s p r i n g  

a r e a ;  h o w e v e r ,  t h e  a l l u v i a l  c o v e r  o b s c u r e s  t h i s  r e l a t i o n s h i p .  

A r m s t r o n g  ( 1 9 6 9 )  s u g g e s t s  t h a t  a  t r a c e  o f  f r o n t a l  f a u l t  m a y  

b e  c o n c e a l e d  b y  t h e  s u r f i c l a l  d e p o s i t s  n e a r  t h e  s p r i n g  a r e a .  

M a b e y  a n d  O r i e l  ( 1 9 7 0 )  h a v e  I d e n t i f i e d  a  g r a v i t y  l o w  w h o s e  

b o r d e r  I s  c o i n c i d e n t  w i t h  t h e  s p r i n g  a r e a .  T h e  g r a v i t y  l o w  

f u r t h e r  s u g g e s t s  t h e  e x i s t e n c e  o f  a  b u r l e d  f r o n t a l  f a u l t  a s  

t h e  s p r i n g  s o u r c e .  

T h e  s p r i n g s  o f  S u l p h u r  C a n y o n  ( 7 )  a r e  b o u n d e d  t o  t h e  

e a s t  a n d  w e s t  b y  t w o  f r o n t a l  f a u l t s  o f  t h e  A s p e n  R a n g e  

( A r m s t r o n g ,  1 9 6 9 ) .  T h e  s p r i n g s  w e r e  I n v e s t i g a t e d  b y  P e a  I e  

( 1 8 7 2 ) ,  R i c h a r d s  a n d  B r i d g e s  ( 1 9 1 1 ) ,  a n d  M a n s f i e l d  ( 1 9 2 7 ) ;  
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t h e y  a r e ,  f o r  t h e  m o s t  p a r t ,  s m a l l ,  m i l k y ,  c l o u d y  p o o l s  o f  

c o o l  w a t e r  w h i c h  e m i t  l a r g e  v o l u m e s  o f  C O ^  a n d  h y d r o g e n  

s u l p h i d e  g a s .  G a s  a l s o  e m a n a t e s  f r o m  d r y  v e n t s  I n  s u r f l c l a l  

g r a v e l  d e p o s i t s .  I n  s o m e  l o c a t i o n s  s u l f u r  h a s  b e e n  d e p o s i t e d  

I n  t h e  I n t e r s t i c e s  o f  t h e  g r a v e l s  a n d  I n  n e a r b y  d e p o s i t s  o f  

t h e  S a l t  L a k e  F o r m a t i o n .  O n l y  s m a l l  q u a n t i t i e s  o f  w a t e r  

d i s c h a r g e  f r o m  t h e  p o o l s .  

T h e  f l o o r  o f  S u l p h u r  C a n y o n  I s  u n d e r l a i n  b y  t r a v e r t i n e  

w h i c h  h a s  b e e n  p a r t i a l l y  c o v e r e d  b y  m o r e  r e c e n t  a l l u v i u m .  

T h i s  t r a v e r t i n e  f o r m s  t h e  n o r t h w e s t e r n  b o r d e r  o f  t h e  m o s t  

a r e a l l y  e x t e n s i v e  t e r r a c e  I n  t h e  s t u d y  a r e a .  I n  a l l ,  t h e  

t e r r a c e  c o v e r s  2 0 0 0  h e c t a r e s  a n d  e x t e n d s  t o  t h e  s o u t h  f o r  1 0  

k m .  F o r m a t i o n  o f  t h e  t e r r a c e  I s  m o s t  l i k e l y  t h e  r e s u l t  o f  

n u m e r o u s  n o w  I n a c t i v e  s p r i n g s .  G e o l o g i c  m a p p i n g  b y  C r e s s m a n  

( 1 9 6 4 )  a n d  A r m s t r o n g  ( 1 9 6 9 )  a n d  g r a v i t y  w o r k  b y  M a b e y  a n d  

O r i e l  ( 1 9 7 0 )  s u g g e s t  m o r e  t h a n  1 5 0 0  m  o f  v e r t i c a l  

d i s p l a c e m e n t  a l o n g  t h e  f r o n t a l  f a u l t s  o f  t h e  A s p e n  R a n g e  I n  

t h e  a r e a  c o v e r e d  b y  t h e  t e r r a c e .  R o c k s  I n  t h e  A s p e n  R a n g e  

h o r s t  a r e  t h e  u p p e r  P a l e o z o i c  f o r m a t i o n s .  C e n o z o l c  d e p o s i t s  

o f  b a s a l t i c  l a v a s ,  t r a v e r t i n e ,  a n d  a l l u v i u m  f o r m  t h e  

s u r f l c l a l  d e p o s i t s  o f  t h e  g r a b e n .  T h e  T e r t i a r y  S a l t  L a k e  

F o r m a t i o n  a n d  M e s o z o l c  f o r m a t i o n s  u n d e r l i e  t h e  s u r f l c l a l  

g r a b e n  r o c k s .  

W a t e r  s a m p l e s  a t  S u l p h u r  C a n y o n  w e r e  t a k e n  f r o m  a  

f l o w i n g  a r t e s i a n  w e l l  I n  t h e  s p r i n g  a r e a .  D e p t h  o f  t h e  w e l l  

I s  u n k n o w n .  
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S w a n  L a k e  # 1  ( 8 )  a n d  S w a n  L a k e  # 2  ( 9 )  s p r i n g s  I s s u e  f r o m  

a  t r a v e r + l n e  t e r r a c e  I n  t h e  b o t t o m  o f  S w a n  L a k e  G u l c h .  T h e  

g u l c h  h a s  b e e n  c u t  I n t o  t h e  f r o n t  o f  t h e  A s p e n  R a n g e  w h e r e  

s e v e r a l  f a u l t s  o f  t h e  f r o n t a l  f a u l t  z o n e  h a v e  b e e n  m a p p e d  

( C r e s s m a n ,  1 9 6 4  ) .  T h e  s t r a t  I  g r a p h  I c  s e q u e n c e  I n  t h e  a r e a  I s  

s i m i l a r  t o  t h a t  f o u n d  e l s e w h e r e  a l o n g  t h e  A s p e n  R a n g e  f r o n t .  

S w a n  L a k e  G u l c h  t r a v e r t i n e  t e r r a c e  I s  p a r t  o f  t h e  2 0 0 0  

h e c t a r e  t e r r a c e  c o n n e c t i n g  w i t h  S u l p h u r  C a n y o n  t o  t h e  n o r t h .  

S w a n  L a k e  s p r i n g  # 1  I s s u e s  f r o m  U p p e r  S w a n  L a k e  ( L a k e y  

R e s e r v o i r )  w h i c h  h a s  f o r m e d  o n  t r a v e r t i n e  d e p o s i t s .  S w a n  

L a k e  s p r i n g  # 2  I s s u e s  f r o m  t h e  t e r r a c e  a b o u t  1 . 5  k m  w e s t  a n d  

5 0  m  l o w e r  t h a n  U p p e r  S w a n  L a k e .  S w a n  L a k e  s p r i n g  # 2  I s  n o t  

a f f e c t e d  b y  t h e  I r r i g a t i o n  d i v e r s i o n s  f r o m  U p p e r  S w a n  L a k e  

w h i c h  s u g g e s t s  t h a t  t h e  s p r i n g  I s  n o t  p a r t  o f  a n  I n t e r t e r r a c e  

f I o w  s y s t e m .  

H e n r y  G r o u p  ( 1 0 - 1 5 ) .  S i x  s p r i n g s  ( 1 0 - 1 5 )  I n  t h e  

v i c i n i t y  o f  H e n r y  h a v e  b e e n  p l a c e d  I n t o  t h i s  g r o u p  ( F i g u r e  

I V — 6 )  .  A l l  o f  t h e  s p r i n g s  a r e  w a r m ,  w i t h  w a t e r  t e m p e r a t u r e s  

I n  t h e  r a n g e  o f  1 4  t o  2 6 ° C .  F o u r  o f  t h e  s p r i n g s  I s s u e  f r o m  a  

4 2 0  h e c t a r e  t r a v e r t i n e  t e r r a c e  a t  H e n r y ,  o n e  f r o m  a  9 0  

h e c t a r e  t e r r a c e  5  k m  n o r t h w e s t  o f  H e n r y ,  a n d  o n e  f r o m  a  s m a l l  

t r a v e r t i n e  a r e a  a l o n g  t h e  L i t t l e  B l a c k f o o t  R i v e r  1 . 5  k m  

s o u t h e a s t  o f  H e n r y .  

S u r f l c l a l  C e n o z o l c  d e p o s i t s  a n d  t h e  w a t e r s  o f  t h e  

B l a c k f o o t  R e s e r v o i r  c o v e r  m o s t  o f  t h e  H e n r y  a r e a  a n d  o b s c u r e  
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b e d r o c k  r e l a t i o n s h i p s .  T h e  s p r i n g s  o c c u r  a l o n g  t h e  n o r t h e a s t  

b o r d e r  o f  t h e  B l a c k f o o t  R e s e r v o i r  g r a b e n  w h i c h  M a n s f i e l d  

( 1 9 2 7 )  I d e n t i f i e d  a s  a  m o d i f i e d  g r a b e n .  

F a u l t s  m a p p e d  b y  M a n s f i e l d  ( 1 9 2 7 )  I n  t h e  s p r i n g  a r e a  

I n c l u d e  t h e  n o r m a l  S l u g  V a l l e y  a n d  P e l i c a n  f a u l t s  a n d  t h e  

H e n r y  t h r u s t  ( a  m i n o r  s p l a y  o f  t h e  M e a d e  t h r u s t ) .  T h e  

P e l i c a n  f a u l t  h a s  b e e n  r e i n t e r p r e t e d  b y  A r m s t r o n g  a n d  

C r e s s m a n  ( 1 9 6 3 )  a s  a  t e a r  f a u l t .  

L o n e  T r e e  ( 1 0 ) ,  a s s o c i a t e d  w i t h  a  c o n c e a l e d  t e r r a c e  o f  

t h e  S l u g  V a l l e y  f a u l t .  I s  l o c a t e d  o n  a  9 0  h e c t a r e  t r a v e r t i n e  

t e r r a c e .  W a t e r  o f  t h e  B l a c k f o o t  R e s e r v o i r  h a s  I n u n d a t e d  t h e  

s o u t h e r n  p o r t i o n  o f  t h e  t e r r a c e ,  m a k i n g  d e t e r m i n a t i o n  o f  I t s  

t o t a l  a r e a  I m p o s s i b l e .  D i s c h a r g e  f r o m  a  p o o l  t h a t  I s  t h e  m a i n  

s p r i n g  d i s c h a r g e  p o i n t  w a s  m e a s u r e d  a t  3  l / s .  F i g u r e  I V - 1 0  I s  

a  n o r t h - s o u t h  s t r u c t u r e  s e c t i o n  t h r o u g h  t h e  s p r i n g  a r e a .  

W a t e r  s a m p l e s  w e r e  t a k e n  f r o m  t h e  b o t t o m  o f  t h e  p o o l  I n  

a n  a r e a  e v o l v i n g  g a s  ( p r e s u m a b l y  C 0 2 ) .  A c t i v e  t r a v e r t i n e  

d e p o s i t i o n  b y  t h e  s p r i n g  a p p e a r e d  t o  b e  m i n o r  ( I f  o c c u r r i n g  

a t  a l l )  a n d  o n l y  a  f e w  s m a l l  l e d g e s  a n d  p o o l  s t r u c t u r e s ,  

c o n s i d e r a b l y  b r o k e n  d o w n  b y  c a t t l e ,  w e r e  I n  t h e  a r e a .  

H e n r y  W a r m  # 1  ( 1 1 ) ,  H e n r y  W a r m  # 2  ( 1 2 ) ,  a n d  W a r m  S p r i n g  

( 1 3 )  d i s c h a r g e  f r o m  t h e  4 2 0  h e c t a r e  t r a v e r t i n e  t e r r a c e  a t  

H e n r y .  T h e  t e r r a c e  o v e r l i e s  a  w e d g e  s h a p e d  I n t e r s e c t i o n  o f  

t h e  S l u g  V a l l e y  a n d  H e n r y  f a u l t s .  M o s t  o f  t h e  b o r d e r s  o f  t h e  

t e r r a c e  a r e  b o u n d e d  b y  w a t e r s  o f  B l a c k f o o t  R e s e r v o i r ,  m a k i n g  

a n  e s t i m a t e  o f  t h e  t e r r a c e ' s  t o t a  I  e x t e n t  I m p o s s i b l e .  T w o  
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s m a l l  e x p o s u r e s  o f  W e l l s  F o r m a t i o n  c r o p  o u t  I n  t h e  " w e d g e "  

a r e a .  

H e n r y  W a r m  # 1  ( 1 1 )  f l o w s  f r o m  t w o  s m a l l  p o o l s  a b o u t  6  m  

a p a r t  I n  t h e  n o r t h e a s t  p o r t i o n  o f  t h e  t e r r a c e .  A c t i v e  

t r a v e r t i n e  d e p o s i t i o n  d o e s  n o t  a p p e a r  t o  b e  o c c u r r i n g  a n d  

t h e  p o o l s  a r e  e v o l v i n g  s o m e  g a s  ( p r e s u m b l y  C O 2 ) .  W a t e r  

s a m p l e s  w e r e  c o l l e c t e d  f r o m  t h e  b o t t o m  o f  t h e  l a r g e r  p o o l .  

D i s c h a r g e  f r o m  t h e  t w o  p o o l s  f l o w s  I n t o  a  s m a l l  c r e e k ,  

w h e r e  t h e  f l o w  w a s  m e a s u r e d  a s  8 8  l / s  I n  J u l y ,  1 9 7 9 .  V i s u a l  

I n s p e c t i o n s  o f  t h e  c r e e k  f l o w  t h e  f o l l o w i n g  w i n t e r  a n d  s u m m e r  

s u g g e s t e d  t h a t  t h e  d i s c h a r g e  f r o m  t h e  p o o l s  r e m a i n s  f a i r l y  

c o n s t a n t .  

H e n r y  W a r m  # 2  ( 1 2 )  I s  l o c a t e d  a b o u t  8 0 0  m  w e s t  o f  H e n r y  

W a r m  # 1  ( 1 1 )  i n  a  n e a r l y  f l a t  l y i n g ,  o n e  t o  t w o  h e c t a r e  a r e a ,  

w h i c h  c o n t a i n s  n u m e r o u s  t r a v e r t i n e  c o n e s  a n d  s m a l l  a c t i v e  

s p r i n g s .  T h e  c o n e s ,  m a n y  o f  w h i c h  s t a n d  a s  m u c h  a s  2  m  h i g h  

a n d  c o n t a i n  s t a g n a n t  w a t e r  I n  t h e i r  c e n t r a l  c r a t e r s ,  w e r e  n o t  

a c t i v e  s p r i n g s  d u r i n g  M a n s f i e l d ' s  ( 1 9 2 7 )  f i e l d  

I n v e s t i g a t i o n s .  S i x  a c t i v e  s p r i n g s ,  a l l  h a v i n g  d i s c h a r g e s  o f  

1 0  l / s  o r  l e s s  I s s u e  f r o m  s l i g h t l y  e l e v a t e d .  I r r e g u l a r l y  

s h a p e d  t r a v e r t i n e  s t r u c t u r e s  w h i c h  m a y  b e  t h e  e r o d e d  r e m a i n s  

o f  s m a l l  t r a v e r t i n e  c o n e s .  N o n e  o f  t h e  s p r i n g s  a p p e a r e d  t o  

b e  d e p o s i t i n g  t r a v e r t i n e  a n d  a l l  w e r e  e v o l v i n g  C O 2  g a s .  T h e  

s p r i n g  s e l e c t e d  f o r  s a m p l i n g  w a s  t h e  m o s t  n o r t h w e s t e r l y  o n e  
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o f  t h e  g r o u p  a n d  w a s  d i s c h a r g i n g  a p p r o x i m a t e l y  1 0  l / s  d u r i n g  

v i s i t s  I n  t h e  w i n t e r  a n d  s u m m e r  o f  1 9 8 0 .  

W a r m  S p r i n g  ( 1 3 ) ,  l o c a t e d  a b o u t  6 5 0  m  w e s t  o f  H e n r y  W a r m  

# 2  ( 1 2 ) ,  I s s u e s  f r o m  a  r e l a t i v e l y  f l a t  t r a v e r t i n e  m o u n d  o f  

a b o u t  1 5  h e c t a r e s  w h i c h  h a s  b e e n  b u i l t  o n  t h e  H e n r y  t e r r a c e .  

T h e  m o u n d  r i s e s  a b o u t  9  m  a b o v e  t h e  t e r r a c e  a n d  c u r r e n t l y  

i s s u e s  w a t e r  f r o m  a  2 . 5  m  d e e p ,  6  m  w i d e  p o o l .  A p p r o x i m a t e l y  

1 5  l / s  w a s  d i s c h a r g i n g  f r o m  t h e  p o o l ,  a n d  s o m e  C O 2  g a s  w a s  

e v o l v i n g  f r o m  t h e  b o t t o m .  W a t e r  s a m p l e s  w e r e  c o l l e c t e d  f r o m  

t h e  b o t t o m  o f  t h e  p o o l .  

N o r t h  H e n r y  ( 1 4 )  d i s c h a r g e s  f r o m  a  s i n g l e  o r i f i c e ,  

l o c a t e d  a b o u t  1 5 0  m  n o r t h  o f  t h e  L i t t l e  B l a c k f o o t  R i v e r ,  a n d  

f l o w s  a c r o s s  t h e  n o r t h e a s t e r l y  e d g e  o f  t h e  H e n r y  t e r r a c e .  

T h e  s p r i n g  i s s u e s  f r o m  t h e  W e l l s  F o r m a t i o n  w h i c h  a b u t s  t h e  

H e n r y  t e r r a c e  a l o n g  a n  e x t e n s i o n  o f  t h e  c o n c e a l e d  W o o l e y  

V a l l e y  a n t i c l i n e ;  i t  i s  p r o b a b l y  r e l a t e d  t o  t h e  L i t t l e  

B l a c k f o o t  R i v e r  s p r i n g  ( 1 5 ) ,  a l t h o u g h  t h e  t r a v e r t i n e  d e p o s i t s  

a t  t h i s  s i t e  a r e  c o n n e c t e d  t o  t h e  H e n r y  t e r r a c e .  A c t i v e  

t r a v e r t i n e  d e p o s i t i o n  d o e s  n o t  a p p e a r  t o  b e  o c c u r r i n g .  

L i t t l e  B l a c k f o o t  R i v e r  s p r i n g  ( 1 5 )  I s  o n e  o f  m o r e  t h a n  a  

d o z e n  s m a l l  s p r i n g s  a n d  s e e p s  w h i c h  o c c u r  a l o n g  a  1 0 0 0  m  

r e a c h  o f  t h e  L i t t l e  B l a c k f o o t  R i v e r  s o u t h e a s t  o f  H e n r y .  

S m a l l  t r a v e r t i n e  l e d g e s  c r o p  o u t  a l o n g  t h e  b a n k s  a n d  t h e  

b o t t o m  o f  t h e  r i v e r .  A  t r a v e r t i n e  m o u n d  c o v e r i n g  a  f e w  

h e c t a r e s  h a s  a l s o  f o r m e d  o n  t h e  l a v a  f l o w s  s o u t h  o f  a n d  
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a d j a c e n t  t o  t h e  r i v e r .  M o s t  o f  t h e  o b s e r v e d  s p r i n g s  f l o w  

n e a r  r i v e r  l e v e l  a l o n g  t h e  n o r t h  b a n k  w h e r e  t h e  W e l l s  

F o r m a t i o n  I s  e x p o s e d .  A l s o  o b s e r v e d  w e r e  s o m e  s p r i n g s  

d i s c h a r g i n g  f r o m  t h e  c h a n n e l ' s  b o t t o m  a n d  f r o m  t h e  t r a v e r t i n e  

d e p o s i t s  a l o n g  t h e  s o u t h  b a n k  a n d  t h e  s o u t h e r n  m o u n d .  F l o w  

f r o m  e a c h  s p r i n g  I s  g e n e r a l l y  s m a l l ,  a p p e a r i n g  t o  b e  l e s s  

t h a n  8  l / s .  I n  l a t e  J u l y ,  1 9 8 0 ,  t o t a l  s p r i n g  d i s c h a r g e s  

a c c o u n t e d  f o r  a p p r o x i m a t e l y  1 / 3  t o  1 / 2  o f  t h e  r i v e r ' s  

e s t i m a t e d  2 2 5  t o  2 7 5  l / s  f l o w .  W a t e r  s a m p l e s  w e r e  c o l l e c t e d  

f r o m  o n e  o f  t h e  l a r g e r  s p r i n g s  o n  t h e  n o r t h  b a n k .  

• C h u b b  S p r i n g  G r o u p  ( 1 6  a n d  1 7 ) .  F i v e  s p r i n g s  I s s u e  

a l o n g  a  t w o  m i l e  s e c t i o n  o f  t h e  C h u b b  S p r i n g  f a u l t  a t  t h e  

b a s e  o f  L i t t l e  G r a y  R i d g e  ( F i g u r e  1 V — 5 ) .  W a t e r  s a m p l e s  w e r e  

c o l l e c t e d  f r o m  t w o  s i t e s ,  C h u b b  S p r i n g  ( 1 6 )  a n d  W e s t  C h u b b  

( 1 7 ) ,  w h i c h  a r e  l o c a t e d  a b o u t  8 0 0  m  a p a r t .  A l l  o f  t h e  

s p r i n g s  h a v e  d i s c h a r g e  t e m p e r a t u r e s  o f  a b o u t  1 2 ° C  a n d  a p p e a r  

t o  h a v e  f a i r l y  c o n s t a n t  d i s c h a r g e s .  F l o w  a t  C h u b b  S p r i n g  w a s  

m e a s u r e d  a t  4 5  l / s ,  a n d  f l o w  a t  W e s t  C h u b b  w a s  e s t i m a t e d  t o  

b e  8  l / s .  S e v e r a l  s i t e  v i s i t s  d u r i n g  t h e  s u m m e r  o f  1 9 7 9  a n d  

t h e  f o l l o w i n g  w i n t e r  a n d  s u m m e r  I n d i c a t e d  n o  o b v i o u s  

d i s c h a r g e  v a r i a t i o n s .  

F o u r  o f  t h e  s p r i n g s  f l o w  f r o m  t h e  M o n r o e  C a n y o n  

F o r m a t i o n  a l o n g  t h e  b a s e  o f  L i t t l e  G r a y  R i d g e ,  w h e r e a s  t h e  

f i f t h  s p r i n g  f l o w s  f r o m  C e n o z o l c  b a s a l t i c  l a v a  w h i c h  c o v e r s  

t h e  f a u l t  t r a c e  o f  t h e  C h u b b  S p r i n g  f a u l t .  N o  t r a v e r t i n e  I s  

a s s o c i a t e d  w i t h  a n y  o f  t h e  s p r i n g s .  
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G e o r g e t o w n  C a n y o n  G r o u p  ( 1 8 - 2 0 ) .  T h e  G e o r g e t o w n  C a n y o n  

a r e a  I s  o n e  o f  t h e  m o r e  g e o l o g i c a l l y  c o m p l e x  r e g i o n s  o f  t h e  

s t u d y  a r e a .  I n  s i m p l e s t  t e r m s  t h e  g e o l o g y  o f  t h e  a r e a  

c o n s i s t s  o f  a  s e r i e s  o f  n o r t h - t r e n d i n g  a n t i c l i n e s  a n d  

s y n c l l n e s  r e s t i n g  o n  t h e  s o l e  o f  t h e  M e a d e  t h r u s t  f a u l t  

( C r e s s m a n ,  1 9 6 4 ) .  M a n y  o f  t h e  f o l d s  h a v e  a t  l e a s t  o n e  

o v e r t u r n e d  l i m b  a n d  h a v e  a x i a l  p l a n e  s u r f a c e s  d i p p i n g  

g e n e r a l l y  w e s t w a r d s .  B e c a u s e  f o l d i n g  w a s  c o n t e m p o r a n e o u s  

w i t h  t h r u s t i n g ,  t h e  b e d d i n g  s u r f a c e s  o f  t h e  l o w e r m o s t  

f o r m a t i o n s  I n v o l v e d  i n  f o l d i n g  c r u d e l y  p a r a l l e l  t h e  s o l e  o f  

t h e  t h r u s t  s h e e t .  I n  t h i s  a r e a  t h e  s o l e  o f  t h e  t h r u s t  I s  

w a r p e d  i n t o  a n  a n t i c l i n e - s h a p e d  f l e x u r e .  S p l a y s  o f  t h e  t h r u s t  

f a u l t  c u t  u p w a r d  f r o m  t h e  t h r u s t  s o l e  a n d  c u t  t h r o u g h  t h e  

f o l d e d  s t r a t a .  T h e  s p l a y s  a r e  c l o s e l y  s p a c e d  a n d  t h e i r  

t r a c e s  g e n e r a l l y  c r o p  o u t  p a r a l l e l  t o  t h e  f o l d  a x i s .  F o l d i n g  

o f  t h e  o v e r t h r u s t  s h e e t  w a s  a l s o  a c c o m p a n i e d  b y  s o m e  n o r m a l  

f a u l t i n g  o f  t h e  f o l d e d  s t r a t a .  F o r  t h e  m o s t  p a r t ,  t h e  f o l d s  

p l u n g e  g e n t l y ,  2 °  t o  3 °  n o r t h w a r d ,  s o  t h a t  t h e  s o u t h e r l y  

d r a i n a g e  o f  t h e  a r e a  e x p o s e s  I n c r e a s i n g l y  o l d e r  s t r a t a  t o  t h e  

s o u t h .  

T h e  f o l d e d  r o c k s  I n  t h e  o v e r t h r u s t  s h e e t  a r e  t h e  l o w e r  

M e s o z o l c  a n d  u p p e r  P a l e o z o i c  f o r m a t i o n s  c o m m o n  t h r o u g h o u t  t h e  

M e a d e  t h r u s t  r e g i o n .  T h e  J u r a s s i c  T w i n  C r e e k  L i m e s t o n e  l i e s  
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n e a r l y  h o r i z o n t a l l y  b e l o w  t h e  o v e r t h r u s t  s h e e t  ( C r e s s m a n ,  

1 9 6 4 ) .  

S p r i n g s  I n  t h e  a r e a  I s s u e  f r o m  f a u l t s  a n d  a p p e a r  t o  b e  

r e l a t e d  t o  t h e  G e o r g e t o w n  a n d  D a i r y  s y n c l l n e s .  G e r o g e t o w n  

C a n y o n  ( 1 8 )  I s s u e s  f r o m  a  d i s c o n t i n u o u s  s p l a y  o f  t h e  M e a d e  

t h r u s t  s e p a r a t i n g  s l i c e s  o f  t h e  W e l l s  a n d  M o n r o e  C a n y o n  

F o r m a t i o n s  I n  t h e  c l o s e d  e n d  o f  t h e  G e o r g e t o w n  C a n y o n  

s y n c l l n e .  T h i s  t h r u s t  s p l a y  I s  o n e  o f  a  g r o u p  o f  c l o s e l y  

s p a c e d  s p l a y s  w h o s e  o u t c r o p  p a t t e r n  g e n e r a l l y  p a r a l l e l s  t h e  

w e s t  l i m b  o f  t h e  G e o r g e t o w n  s y n c l l n e  a n d  w h i c h  h a v e  a s  m u c h  

a s  5 0 0  m  o f  t o t a l  s t r a t I  g r a p h  I c  t h r o w  ( C r e s s m a n ,  1  9 6 4 ) .  T h e  

s p l a y s  t u r n  e a s t w a r d ,  c u t t i n g  a c r o s s  t h e  s y n c l l n e  I n  t h e  

s p r i n g  a r e a .  G e o r g e t o w n  C a n y o n  s p r i n g  ( 1 8 )  i s s u e s  f r o m  a  

p o i n t  I n  t h e  c a n y o n  w h e r e  T w i n  C r e e k  c r o s s e s  t h e  t h r u s t  

s p l a y .  

G e o r g e t o w n  C a n y o n  T a i l i n g s  ( 1 9 )  I s s u e s  a l o n g  t h e  b a s e  o f  

a n  a b a n d o n e d  p h o s p h a t e  m i l l  t a i l i n g s  p i l e  w h i c h  f i l l s  a  s m a l l  

t r i b u t a r y  c a n y o n .  T h e  p i l e ,  l o c a t e d  b e t w e e n  a n  e x p o s u r e  o f  

t h e  M e a d e  t h r u s t  a n d  a  s p l a y  o f  t h e  t h r u s t ,  l i e s  o n  t h e  

L o d g e p o l e  F o r m a t i o n .  

W a t e r  f r o m  b o t h  s p r i n g s  I s  c o o l ,  7  t o  8 ° C .  N e i t h e r  

s p r i n g  I s  a s s o c i a t e d  w i t h  t r a v e r t i n e  d e p o s i t s ,  a l t h o u g h  t h e  

s m a l l  h i l l  t h r o u g h  w h i c h  t h e  M e a d e  t h r u s t  p a s s e s  a l o n g  t h e  

s o u t h  s i d e  o f  t h e  t a i l i n g s  p i l e  c o n t a i n s  a  f a u l t  b r e c c i a  z o n e  

a n d  s o m e  s m a l l  e x p o s u r e s  o f  t r a v e r t i n e  n o t  m a p p e d  b y  
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M a n s f i e l d  ( 1 9 2 7 )  o r  C r e s s m a n  ( 1 9 6 4 ) .  T o t a l  d i s c h a r g e s  f r o m  

G e o r g e t o w n  C a n y o n  ( 1 8 )  a n d  G e o r g e t o w n  C a n y o n  T a i l i n g s  ( 1 9 )  

w e r e  m e a s u r e d  a s  4 0 8  a n d  4 4 8  l / s ,  r e s p e c t i v e l y ,  I n  A u g u s t ,  

1 9 7 9 ,  w h e n  t h e r e  w a s  n o  u p s t r e a m  s u r f a c e  f l o w  I n  T w i n  C r e e k .  

B i g  S p r i n g  ( 2 0 )  I s s u e s  f r o m  t h e  l e f t  f o r k  o f  T w i n  C r e e k  

w h e r e  a  n o r m a l  f a u l t  c r o s s e s  t h e  c r e e k  b e d .  T h e  f a u l t  h a s  a  

s t r a t i g r a p h I c  t h r o w  o f  a b o u t  9 0  m  ( C r e s s m a n ,  1 9 6 4 ) .  T r l a s s l c  

s t r a t a  o f  t h e  l o w e r  p l a t e  c r o p  o u t  n o r t h  o f  t h e  f a u l t ,  a n d  

t h e  f o l d e d  W e l l s  F o r m a t i o n  o f  t h e  u p p e r  p l a t e  c r o p s  o u t  s o u t h  

o f  t h e  f a u l t .  W a t e r  f r o m  t h e  s p r i n g  i s  c o o l ,  8 ° C ,  a n d  t h e  

s p r i n g  I s  n o t  a s s o c i a t e d  w i t h  t r a v e r t i n e  d e p o s i t s .  

Easiern_ Iiiresl- Zone Grpus_ 121-29). The eastern 

p e r i p h e r y  o f  t h e  M e a d e  t h r u s t  a l l o c h t h o n  I s  d e l i n e a t e d  b y  a n  

a r c u a t e  o u t c r o p  z o n e  o f  s p l a y s  o f  t h e  M e a d e  t h r u s t .  N i n e  

s p r i n g s  I n  t h e  c e n t r a l  a n d  s o u t h e r n  s e g m e n t s  o f  t h i s  z o n e  

w e r e  s a m p l e d .  T h r e e  o f  t h e  s p r i n g s  i s s u e  f r o m  t h r u s t  s p l a y s ,  

a n d  t h e  r e m a i n i n g  s i x  I s s u e  f r o m  s l i c e s  o f  s t r a t a  b o u n d e d  b y  

t h r u s t  s p l a y s .  A l l  o f  t h e  s p r i n g s  d i s c h a r g e  l e s s  t h a n  3 0 0  

l / s ,  h a v e  c o o l  w a t e r  a n d  g e n e r a l l y  a r e  n o t  a s s o c i a t e d  w i t h  

t r a v e r t i n e  d e p o s i t s .  A u b u r n  H a t c h e r y  ( 2 1 ) ,  S a g e  V a l l e y  ( 2 2 )  

a n d  S o u t h  F o r k  ( 2 3 )  s p r i n g s  I s s u e  f r o m  t h e  S a g e  V a l l e y  

b r a n c h  o f  t h e  M e a d e  t h r u s t .  A u b u r n  H a t c h e r y  ( 2 1 )  f l o w s  f r o m  

t h e  T h a y n e s  F o r m a t i o n ,  a n d  S a g e  V a l l e y  ( 2 2 )  a n d  S o u t h  F o r k  

( 2 3 )  f l o w  f r o m  t h e  W e l l s  F o r m a t i o n .  F i g u r e  I V  —  1 1  I s  a n  

e a s t - w e s t  s t r u c t u r e  s e c t i o n  t h r o u g h  S a g e  V a l l e y .  A u b u r n  a n d  

S a g e  V a l l e y  s p r i n g s  w e r e  s a m p l e d  f o r  ^ C .  
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Figure IV-11. East west structure section through Sage Valley (22) area, southeastern Idaho. 
Modified after Mansfield (1927) and Conner (1'980). 



S + a r  V a l l e y  H a t c h e r y  ( 2 4 ) ,  F e n c e  L i n e  ( 2 5 ) ,  B r o o k  ( 2 6 ) ,  

N e w  S a l t  ( 2 7 ) ,  a n d  N u g g e t t  ( 2 8 )  s p r i n g s  I s s u e  f r o m  s l i c e s  o f  

s t r a t a  b o u n d e d  b y  t h r u s t  s p l a y s .  D i s c h a r g e  a t  S t a r  V a l l e y  

H a t c h e r y  I s  r e p o r t e d  b y  h a t c h e r y  p e r s o n n e l  t o  b e  f a i r l y  

c o n s t a n t  t h r o u g h o u t  t h e  y e a r .  B r o o k  s p r i n g  ( 2 6 )  I s s u e s  f r o m  

t h e  b o t t o m  o f  a  h a l f  h e c t a r e  p o n d  a n d  m a y  b e  a s s o c i a t e d  w i t h  

a n  a l l u v i a l  l y  c o n c e a l e d  t h r u s t  t r a c e  I n  t h e  M o n r o e  C a n y o n  

F o r m a t i o n .  N e w  S a l t  ( 2 7 )  i s s u e s  f r o m  t h e  T w i n  C r e e k  

L i m e s t o n e ,  h a s  a  s a l t y  t a s t e  a n d  f l o w s  o v e r  a  s m a l l  

t r a v e r t i n e  d e p o s i t  o n  t h e  s t e e p  w e s t e r n  s l o p e  o f  C r o w  C r e e k  

C a n y o n .  N u g g e t t  ( 2 8 )  d i s c h a r g e s  f r o m  a n  e x p o s u r e  o f  t h e  

N u g g e t t  S a n d s t o n e  a l o n g  t h e  o u t l e t  o f  S a g e  V a l l e y .  C r o w  

C r e e k  ( 2 9 )  I s s u e s  f r o m  t h e  W e l l s  F o r m a t i o n  n e a r  t h e  c o n t a c t  

w i t h  t h e  M o n r o e  C a n y o n  F o r m a t i o n .  N e l l  S t e w a r t  ( o r a l  

c o m m u n i c a t i o n ,  1 9 8 0 )  r e p o r t s  a  n e a r l y  c o n s t a n t  d i s c h a r g e  o f  

a b o u t  6 0  l / s  f r o m  t h i s  s p r i n g .  C r o w  C r e e k  w a s  s a m p l e d  f o r  

1 4 C .  

I  n t e r  I  o r  £r£.lLP.£ 13.0-4 II 

S p r i n g s  a n d  w e l l s  a s s i g n e d  t o  t h e  I n t e r i o r  g r o u p s  a r e  

t h o s e  w h i c h  a r e  l o c a t e d  I n  t h e  I n t e r i o r  r e g i o n s  o f  t h e  

a l l o c h t h o n  a n d  a r e  n o t  a s s o c i a t e d  w i t h  a  m a j o r  e x t e n s i o n  o r  

p e r i p h e r y  t h r u s t  f a u l t .  A l l  o f  t h e s e  s p r i n g s  d i s c h a r g e  c o l d  

w a t e r  a n d  a r e  a s s o c i a t e d  w i t h  l o c a l  s t r u c t u r a I - s t r a t I  g r a p h  I c  

f e a t u r e s .  D e t a i l e d  d e s c r i p t i o n s  o f  t h e s e  s i t e s  a r e  p r e s e n t e d  

b y  M a y o  ( 1 9 8 2 ) .  
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G r a p h  l e a  I  A n a  I y s I S  a n d  H y d r o c h e m l c a l  F a c  t a s  

M a j o r  I o n  a n a l y s e s  w e r e  p l o t t e d  o n  P i p e r  ( 1 9 4 4 )  a n d  

S t i f f  ( 1 9 5 1 )  d i a g r a m s  f o r  v i s u a l  I n s p e c t i o n .  T h e  P i p e r  p l o t ,  

o r  t r l l i n e a r  d i a g r a m ,  r e p r e s e n t s  t h e  m a j o r  I o n  

c o n c e n t r a t i o n s  a s  p e r c e n t a g e s  o f  t o t a l  a n i o n  o r  c a t i o n  

e q u i v a l e n t s  o n  t h r e e  d i s t i n c t  f i e l d s  ( F i g u r e  I V - 1 2 ) .  T w o  

t r i a n g u l a r  f i e l d s  a t  t h e  l o w e r  l e f t  a n d  r i g h t  a r e  c a t i o n s  a n d  

a n i o n s  r e s p e c t i v e l y ,  a n d  t h e  c e n t e r  d i a m o n d  s h o w s  t h e  o v e r a l l  

c h e m i c a l  c h a r a c t e r .  E a c h  a n a l y s i s  p l o t s  a s  a  s i n g l e  p o i n t  I n  

e a c h  f i e l d ,  s o  t h e  I o n i c  d i s t r i b u t i o n  o f  n u m e r o u s  a n a l y s e s  

m a y  b e  c o n v e n i e n t l y  r e p r e s e n t e d  o n  t h e  s a m e  d i a g r a m .  

D i f f e r e n c e s  I n  t h e  m a g n i t u d e  o f  I o n i c  c o n c e n t r a t i o n s  b e t w e e n  

a n a l y s e s  w i t h  t h e  s a m e  I o n i c  d i s t r i b u t i o n  a r e  n o t ,  h o w e v e r ,  

p r e s e n t e d .  

T r l l l n e a r  p l o t s  o f  t h e  4 1  a n a l y s e s  f r o m  t h e  M e a d e  t h r u s t  

a r e a  a r e  s h o w n  o n  F i g u r e  I V  —  1 3 .  A l I  o f  t h e  a n a l y s e s  e x c e p t  

t w o  ( 2 7  a n d  3 8 )  f a l l  I n  t h e  c a l c i u m  b i c a r b o n a t e  t y p e  f a c i e s  

I n  t h e  c a t i o n  a n d  a n i o n  f i e l d s .  T h e  s a m p l e  t a k e n  a t  N e w  S a l t  

( 2 7 ) ,  f r o m  t h e  T w i n  C r e e k  L i m e s t o n e  I n  t h e  C r o w  C r e e k  a r e a ,  

f a l l s  I n  t h e  n o  d o m i n a n t  t y p e  a n i o n  f i e l d  a s  a  r e s u l t  o f  t h e  

h i g h  c h l o r i d e  c o n t e n t .  T h e  h i g h  c h l o r i d e  c o n t e n t  m o s t  l i k e l y  

r e s u l t s  f r o m  t h e  o v e r l y i n g  P r e u s s  F o r m a t i o n .  T h e  P e t e r s o n  

R a n c h  s a m p l e  ( 3 8 ) ,  t a k e n  f r o m  a  s h a l l o w  a l l u v i a l  a q u i f e r  I n  
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Figure IV-12. Classification diagram for anion and cation facies 
in terms of major-ion percentages (after Freeze and 
Cherry, 1979). 
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Figure IV-13. Trilinear diagram of chemical analyses of discharge 
waters from 3 wells and 38 springs in the Meade 
thrust area, southeastern Idaho. 

157 



S l u g  C r e e k ,  f a l l s  I n  t h e  n o  d o m i n a n t  t y p e  c a t i o n  f i e l d ,  

p e r h a p s  b e c a u s e  o f  a g r i c u l t u r a l  c o n t a m i n a t i o n .  

T h e  d a t a  p r e s e n t a t i o n s  o n  t h e  t r l l l n e a r  d i a g r a m  a r e  

c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  t h e  a q u i f e r s  a r e  p r e d o m i n a n t l y  

c a r b o n a t e .  T h e  d a t a  f o r m  a  f a i r l y  t i g h t  c l u s t e r  a b o u t  t h e  

c a l c i u m - m a g n e s i u m  c a t i o n  a n d  t h e  b i c a r b o n a t e  t o  l o w e r m o s t  

b I c a r b o n a t e - c h I  o r i d e  s u l f a t e  a n i o n  f a c l e s .  I n t e r i o r  g r o u p s ,  

w h i c h  a r e  l a r g e l y  r e s t r i c t e d  t o  t h e  l o w e r  M e s o z o l c  s t r a t a ,  

h a v e  d i s c h a r g e  w a t e r s  w h i c h  t e n d  t o w a r d  t h e  c a l c i u m - m a g n e s i u m  

a n d  b i c a r b o n a t e  f a c l e s .  P e r i p h e r y  e x t e n s i o n  a n d  p e r i p h e r y  

t h r u s t  g r o u p s ,  w h i c h  a r e  l a r g e l y  r e s t r i c t e d  t o  t h e  u p p e r  

P a l e o z o i c  s t r a t a ,  g e n e r a l l y  h a v e  d i s c h a r g e  w a t e r s  w h i c h  f a l l  

i n  t h e  c a l c i u m - m a g n e s i u m  c a t i o n  f a c l e s .  W a t e r s  a t  C h u b b  ( 1 6 ,  

1 7 )  a n d  G e o r g e t o w n  C a n y o n  ( 1 8 ,  2 0 )  b e l o n g  t o  t h e  

b i c a r b o n a t e - c h l o r i d e  s u l f a t e  a n i o n  f a c l e s .  W a t e r s  f r o m  t h e  

r e m a i n i n g  p e r i p h e r y  e x t e n s i o n  a n d  p e r i p h e r y  t h r u s t  g r o u p s  

t e n d  t o  c l u s t e r  I n  t h e  b i c a r b o n a t e  a n i o n  f a c l e s .  

S t i f f  d i a g r a m s  f a c i l i t a t e  t h e  c o m p a r i s o n  o f  t o t a l  

c o n c e n t r a t i o n  a n d  I o n i c  c o m p o s i t i o n  b y  t h e  u t i l i z a t i o n  o f  

g r a p h i c a l  s h a p e s  ( F i g u r e  I  V - 1 4  ) .  T h e  s h a p e  o f  t h e  d i a g r a m  

r e p r e s e n t s  c o m p o s i t i o n ,  w h i l e  t h e  s i z e  r e f l e c t s  

c o n c e n t r a t i o n .  A l l  o f  t h e  a n a l y s e s  e x c e p t  t w o  ( 2 7  a n d  3 8 )  

h a v e  t h e  s a m e  g e n e r a l  f o r m ,  s u g g e s t i n g  a  p r e d o m i n a n t l y  

l i m e s t o n e  a q u i f e r  w i t h  m i n o r  a m o u n t s  o f  d o l o m i t e .  T h e r e  a r e ,  

h o w e v e r ,  s i g n i f i c a n t  d i f f e r e n c e s  I n  c o n c e n t r a t i o n s  b e t w e e n  

s a m p l e s  f r o m  t h e  p e r i p h e r y  e x t e n s i o n  g r o u p  a n d  t h e  o t h e r  t w o  
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Figure IV-14. Stiff diagrams of chemical analyses of waters from 
3 wells and 38 springs in the Meade thrust area, 
southeastern Idaho. 
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g r o u p s .  T h e  h i g h e r  c o n c e n t r a t i o n s  o c c u r  I n  s p r i n g s  w i t h  

l a r g e  t r a v e r t i n e  d e p o s i t s ,  e l e v a t e d  d i s c h a r g e  t e m p e r a t u r e s ,  

a n d  I n c r e a s e d  P C O 2  l e v e l s .  

£jaZHg JB3±J.£.£ 

T y p i c a l  r a n g e s  o f  c o n c e n t r a t i o n  r a t i o s  o f  s o m e  m a j o r  

I o n s  I n  g r o u n d  w a t e r  s a m p l e s  a r e  c h a r a c t e r i s t i c  o f  m a n y  

d l a g e n e t l c ,  m e t a m o r p h l c  a n d  m a g m a t l c  p r o c e s s e s  ( W h i t e ,  

1 9 5 7 a ,  1 9 5 7 b ,  1 9 6 0 ;  W h i t e  a n d  o t h e r s ,  1 9 6 3 ;  a n d  H e m ,  1 9 7 0 ) .  

O f  p a r t i c u l a r  I n t e r e s t  t o  t h e  s t u d y  a r e a  I s  t h e  C a / M g  r a t i o ,  

w h i c h  M e l s l e r  a n d  B e c h e r  ( 1 9 6 7 )  a n d  J a c o b s o n  a n d  L a n g m u l r  

( 1 9 7 0 )  d e m o n s t r a t e d  t o  b e  u s e f u l  I n  I d e n t i f y i n g  l i m e s t o n e  a n d  

d o l o m i t e  a q u i f e r s .  T h e  s t o i c h i o m e t r i c  m o l a r  r a t i o  o f  

c a l c i u m  t o  m a g n e s i u m  i n  p u r e  d o l o m i t e  I s  1 ;  h i g h e r  r a t i o s  a r e  

o b t a i n e d  f r o m  l i m e s t o n e ,  s l l t s t o n e ,  c l a y  a n d  s h a l e .  W h i t e  

a n d  o t h e r s  ( 1 9 6 3 )  r e p o r t  C a / M g  r a t i o s  o f  w a t e r  s a m p l e s  t a k e n  

f r o m  l i m e s t o n e  a q u i f e r s  m a y  b e  a s  h i g h  a s  5 0  a n d  a r e  c o m m o n l y  

a b o v e  1 0 ,  w h e r e a s  a r g i l l a c e o u s  a q u i f e r s  c o m m o n l y  h a v e  g r o u n d  

w a t e r  w h o s e  C a / M g  r a t i o s  a r e  I n  t h e  r a n g e  o f  1  t o  3 .  

T h e  C a / M g  r a t i o s  o f  t h e  s a m p l e s  a n a l y z e d  a r e  l i s t e d  I n  

T a b l e  I V — 3  a n d  a r e  s h o w n  I n  c u m u l a t i v e - f r e q u e n c y  d i s t r i b u t i o n  

p l o t s  g r o u p e d  a c c o r d i n g  t o  t h e  m a j o r  s p r i n g  g r o u p s  ( F i g u r e  

I V —  1 5 ) .  T r e n d s  1 ,  2 ,  a n d  3  r e p r e s e n t  t h e  p e r i p h e r y  

e x t e n s i o n ,  p e r i p h e r y  t h r u s t  a n d  I n t e r i o r  ( e x c l u d i n g  e a s t e r n  

S c h m i d  R i d g e  T h a y n e s  F o r m a t i o n  s p r i n g s  a n d  C o l d  S p r i n g  ( 3 3 )  
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Table IV-3. SI, Ca/Mg ratios, and Pco2 water samples collected in the Meade 
thrust area, southeastern Idaho. 

Spring identification 
number and name Ca/Mg 

Log 

P-2 

(atm) 

5J-ituration 

Dolomite 
Spring identification 
number and name Ca/Mg 

Log 

P-2 

(atm) Anhydrite Aragonite Calcite 

ituration 

Dolomite 

inaex (5ii 

Fluorite Gypsum Halite 
N 

Magnesite 

1 Corral Creek 1 .98 -0.2 0.57 0.52 17.90 225.90 1.21 0.67 0.00 6.90 

2 Sinkhole 3.07 -0.2 0.01 0.61 1.13 0.43 0.16 0.02 0.00 0.19 

3 Woodall 3.97 -0.8 0.01 0.64 1.25 0. 33 0. 13 0.03 0.00 0.01 

4 North Woodall 4.76 -0. 3 0.02 0.83 1.58 0.51 0.88 0.05 0.00 0. 16 

5 Formation 3.91 -0.9 0.02 0.41 0.82 0.14 0.06 0.42 0.00 0.09 

6 East Soda 2.47 -1.4 0.01 0.59 1.20 0.43 0.03 0.02 0.00 0.18 

7 Sulphur Canyon 3. 76 -1.7 0.00 0.83 1 .69 0.57 0.01 0.01 0.00 0.17 

8 Swan Lake 11 3.67 -0.9 0.02 0. 76 1.46 0.55 0.02 0.04 0.00 0. 19 

9 Swan Lake 12 2.64 -1.5 0.01 1.03 2.19 1.25 0.01 0.03 0.00 0. 30 

10 Lone Tree 4.92 -0.5 0.04 1.02 1.85 0.84 1.67 0.06 0.00 0.22 

11 Henry Warm (1 3.17 -1.1 0.02 0.72 1. 38 0.55 0.15 0.03 0.00 0.20 

12 henry Warm 12 3.91 -0.6 0.06 0.71 1.31 0.46 0. 58 0.12 0.00 0.17 

13 Warm Spring 3.57 -0.4 0.04 0.67 1.22 0.47 1.64 0.06 0.00 0.19 

14 North Henry 2.56 -1.2 0.01 0.52 1.00 0.35 0.09 0.01 0.00 0.17 

15 Little Ulackfoot River 3.71 -1.0 0.02 0.76 1.47 0.53 0.17 0.0 3 0.00 0.18 

16 Cnubb 1.87 -2.2 0.01 0.52 1.04 0.48 0.02 0.02 0.00 0.24 

17 West Chubb 1.99 -2.1 0. 35 0. 35 0.69 0.20 0.02 0.01 0.00 0.15 

18 Georgetown Canyon 2.53 -2.2 0.01 0.27 0.57 0.09 0.00 0.03 0.00 0.08 

19 Georgetown Canyon Tailings 2.50 -2.3 0.00 0.60 1.24 0.43 0.01 0.00 0.00 0. 18 

20 Big Spring 3.39 -2.1 0.02 0.44 0.92 0.18 0.01 0.05 0.00 0. 10 

21 Auburn Fish Hatchery 1.70 -2.3 0.01 0.48 0.97 0.42 0.01 0.01 0.00 0.22 

22 Sage Valley 1.87 -2.2 0.01 0.53 1.04 0.50 0.05 0.01 0.00 0. 24 

23 South Fork 1.57 -2.2 0.01 0.43 0. 86 0. 34 0.03 0.00 0.00 0.23 

24 Star Valley Hatchery 1.94 -2.5 0.00 0.69 1.42 0.78 0.01 0.01 0.00 0.28 

25 Fence Line 2. 14 -1.8 0.00 0.21 0.41 0.06 0.15 0.00 0.00 0.08 

26 Brooks Spring 2. 18 -2. 3 0.00 0. 59 1. 16 0.51 0.04 0.00 0.00 0.22 

27 New Sa 11 3.03 -2. 1 0.06 0. 80 1.60 0.70 0.05 0.13 10"6 0.22 

28 Nuggett 1.72 -2. 1 0.01 0.4H 0.97 0.42 0.01 0.01 0.00 0.22 
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able IV-3. Continued 

Spring identification 
number and name Ca/Mg I n t . m )  

Saturation Index (SI) 

Anhydrite Araqonitr Calcite Dolomite Fluorite Gypsum llalite Maqnesite 

29 ( tow Creek Ranch 

30 .Slump Sprinq 

II Lower Lone Tree 

I.' l,ow"r Younq Ranch 

II Cold Sprinq 

14 FMC 
30 Square Pond 

30 Knudsen Ranch 

37 Purple Sprinq 

3B Peterson Ranch 

39 Pelican Ridqe II 

40 Pelican Ridqe 12 

41 North Pelican 

2.12 

3.98 

5.13 

6 .47 

8.51 

1.75 

2.71 

2.60 

1.42 

0.71 

2 . 2 6  

2 . 2 8  

4.27 

•7.7 

- I . 'I 

-.1.9 

- 1 . 7  
-7. 1 

2 .  1  

- 2 . 0  

- 2 . 2  

- 2 . 0  

- 1 . 6  

-.19 

- 1 . 8  

-2.4 

o.no 
o.oo 
0.01 
o .  n o  
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.01 
0.00 

0.3 2 

0 . 2 R  

0.35 

0 . 2 8  

0.54 

0.3 3 

0. 24 

0.57 

0.33 

0 . 0 0  

0. 30 

0. 35 

0 . 2 8  

0.67 

0 . 0 6  

0.74 

0 . 6 2  

1. 19 

0.69 

0.51 

1.13 

0.66 
0.00 
0.64 

0.73 

0.58 

0 . 1 2  

0 .  5 6  
0.07 

0 .  16  

0 . 1 0  

0.19 

0.07 

0.4 I 

0.25 

0 . 0 0  

0 . 1 2  

0.17 

0.56 

O.Ot 

0.01 
o .  o n  
I). 00 

O.05 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.01 
0.00 

0.01 
0.01 
0.01 
0.00 
o.oi 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.15 

0.00 

0.00 
0.00 
0.00 
0.00 
0  .  o o  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.09 

0.50 

0 . 05 

0.31 

0.04 

0.14 

0.07 

0 .  18  

0. 19 

0 . 0 0  

0 . 1 0  

0 . 1 2  

0. 50 
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Figure IV-15. Cumulative frequency distribution of calcium-magnesium molar ratios in 
ground water samples collected from springs and wells in the Meade thrust 
area, southeastern Idaho. Ca/Mg molar ratios are grouped by discharge 
groups. Mean (x) ,nd standard deviation (s) are shown for each group. 



g r o u p s ,  r e s p e c t i v e l y .  T r e n d  4  r e p r e s e n t s  e a s t e r n  S c h m l d  

R i d g e  T h a y n e s  F o r m a t i o n  s p r i n g s .  

S t a t i s t i c a l  t  t e s t s  w e r e  p e r f o r m e d  o n  t h e  d a t a  I n  t r e n d s  

1 ,  2 ,  a n d  3  t o  d e t e r m i n e  i f  t h e r e  I s  a  s t a t i s t i c a l  d i f f e r e n c e  

b e t w e e n  t h e  a v e r a g e  v a l u e s  o f  C a / M g  r a t i o s  a m o n g  t h e  t r e n d s .  

P r o c e d u r e s  u s e d  a r e  t h o s e  d e s c r i b e d  b y  N a t r e l l a  ( 1 9 6 3 ) .  T h e  

t  t e s t  I s  b a s e d  o n  t h e  t  p r o b a b i l i t y  d i s t r i b u t i o n  a n d  

c o m p a r e s  t h e  d i f f e r e n c e  o f  t h e  s a m p l e  m e a n s  w i t h  t e s t  

c r i t e r i a  c a l c u l a t e d  u s i n g  p r e s e l e c t e d  c o n f i d e n c e  I n t e r v a l .  

D e t a i l s  o f  t h e  t e s t i n g  a r e  p r e s e n t e d  b y  M a y o  ( 1 9 8 2 ) .  

T r e n d s  1  v s  2 ,  1  v s  3 ,  a n d  2  v s  3  w e r e  t e s t e d  u t i l i z i n g  

0 . 9 5  c o n f i d e n c e  i n t e r v a l .  T h e  t  t e s t  d e m o n s t r a t e d  t h a t  a  

s t a t i s t i c a l  d i f f e r e n c e  e x i s t s  b e t w e e n  t r e n d s  1  a n d  2  a n d  1  

a n d  3 ,  a n d  t h u s  w e  m a y  c o n c l u d e  t h a t  a  s t a t i s t i c a l  

d i f f e r e n c e  e x i s t s  b e t w e e n  t h e  C a / M g  r a t i o s  o f  t h e  d i s c h a r g e  

w a t e r s  o f  t h e  p e r i p h e r y  e x t e n s i o n  a q u i f e r s  a n d  t h e  p e r i p h e r y  

t h r u s t  a n d  I n t e r i o r  a q u i f e r s .  

C u m u l a t i v e  f r e q u e n c y  d i s t r i b u t i o n  d i a g r a m s  c o m m o n l y  

p r o v i d e  u s e f u l  I n f o r m a t i o n  f o r  s i n g l e - v a r i a n t  a n a l y s i s  a n d  

t h e y  a r e  a  c o n v e n i e n t  f o r m  f o r  d i s p l a y i n g  d a t a  ( F i g u r e  

I V - 1 5 ) .  T h e  l i n e a r i t y  o f  a  d a t a  t r e n d  I s  a n  i n d i c a t o r  o f  t h e  

n o r m a l i t y  o f  t h e  d i s t r i b u t i o n  o f  a  p o p u l a t i o n .  A  n o r m a l l y  

d i s t r i b u t e d  p o p u l a t i o n  w i l l  p l o t  o n  a  s t r a i g h t  t r e n d .  T h e  

s l o p e  o f  t h e  t r e n d  I n d i c a t e s  t h e  d e g r e e  o f  v a r i a t i o n  I n  t h e  

p o p u l a t i o n .  A  s i g n i f i c a n t  d e v i a t i o n  o f  a  d a t a  p o i n t  f r o m  a  
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p o p u l a t i o n  t r e n d  m a y  s u g g e s t  t h e  d a t a  p o i n t  h a s  b e e n  a s s i g n e d  

t o  t h e  w r o n g  p o p u l a t i o n .  

T h e  p e r i p h e r y  e x t e n s i o n  ( t r e n d  1 )  a n d  t h e  p e r i p h e r y  

t h r u s t  ( t r e n d  2 )  g r o u p s  g e n e r a l l y  d i s c h a r g e  f r o m  t h e  u p p e r  

P a l e o z o i c  f o r m a t i o n s  w h i c h  t e n d  t o  b e  m o r e  c a r b o n a c e o u s  a n d  

l e s s  a r g i l l a c e o u s  t h a n  t h e  l o w e r  M e s o z o l c  f o r m a t i o n s .  T h e  

I n t e r i o r  g r o u p s  ( t r e n d  3 )  g e n e r a l l y  d i s c h a r g e  f r o m  t h e  l o w e r  

M e s o z o l c  f o r m a t i o n s *  a l t h o u g h  d i s c h a r g e  f r o m  t h e  u p p e r  

P a l e o z o i c  f o r m a t i o n s  I s  n o t  u n c o m m o n .  

T h e  p e r i p h e r y  e x t e n s i o n  s p r i n g s  ( t r e n d  1 )  h a v e  h i g h e r  

C a / M g  r a t i o s  a n d  t h u s  a p p e a r  t o  d r a w  t h e i r  w a t e r  f r o m  p u r e r  

l i m e s t o n e  f a d e s  t h a n  d o  t h e  s p r i n g s  o f  t h e  p e r i p h e r y  t h r u s t  

a n d  I n t e r i o r  g r o u p s .  A b u n d a n t  s l l t s t o n e  a n d  s h a l e  f a c l e s  

r e p o r t e d  I n  t h e  l o w e r  M e s o z o l c  s t r a t a  ( M a n s f i e l d ,  1 9 2 7 ;  

C r e s s m a n ,  1 9 6 4 ;  M o n t g o m e r y  a n d  C h e n e y ,  1 9 6 4 ;  a n d  o t h e r s )  

p r o b a b l y  a c c o u n t  f o r  t h e  I n c r e a s e d  m a g n e s i u m  c o n t e n t  o f  t h e  

w a t e r s  f r o m  t h e s e  f o r m a t i o n s .  A r g i l l a c e o u s  f a c l e s  a r e  

c o m m o n l y  r i c h  I n  m a g n e s i u m  b e a r i n g  m i n e r a l s  a n d  c o m m o n l y  

y i e l d  g r o u n d  w a t e r s  w i t h  l o w  C a / M g  r a t i o s .  D i s s o l u t i o n  o f  

d o l o m i t e  I s  p r o b a b l y  n o t  r e s p o n s i b l e  f o r  t h e  l o w  C a / M g  r a t i o s  

I n  t h e  l o w e r  M e s o z o l c  s t r a t a ;  d o l o m i t e  I s  s e l d o m  r e p o r t e d  I n  

t h e  f o r m a t i o n s .  C a / M g  r a t i o s  f r o m  f l o w  s y s t e m s  I n  t h e  

T h a y n e s  F o r m a t i o n  a l o n g  e a s t e r n  S c h m l d  R i d g e  ( t r e n d  4 )  a n d  

f r o m  C o l d  S p r i n g  ( 3 3 )  a r e  n o t  t y p i c a l  o f  m o s t  o f  t h e  f l o w  

s y s t e m s  I n v e s t i g a t e d .  A d d i t i o n a l  g e o c h e m l c a l  I n v e s t i g a t i o n s  
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o f  t h e  S c h m l d  R i d g e  a r e a  a r e  n e e d e d  t o  e x p l a i n  t h e  C a / M g  

a n o m a I y .  

MI nanal 

T h e  s a t u r a t i o n  I n d e x  I s  a  p o w e r f u l  t o o l  f o r  e v a l u a t i n g  

t h e  h y d r o c h e m I s t r y  o f  a  g r o u n d  w a t e r  s y s t e m .  A  S I  l e s s  t h a n  

1  m e a n s  t h e  w a t e r  I s  u n d e r s a t u r a t e d  w i t h  r e s p e c t  t o  t h e  

m i n e r a l  a n d  t h e  w a t e r  w o u l d  I d e a l l y  d i s s o l v e  t h e  m i n e r a l  

w h e n  e n c o u n t e r e d  I n  t h e  a q u i f e r .  A n  I n d e x  g r e a t e r  t h a n  1  

I n d i c a t e s  t h e  w a t e r  I s  s u p e r s a t u r a t e d  a n d  h a s  a  t h e r m o d y n a m i c  

t e n d e n c y  t o  p r e c i p i t a t e  t h e  m i n e r a l .  

N a t u r a l  w a t e r s  f r o m  c a r b o n a t e  a q u i f e r s  a r e  f r e q u e n t l y  

n o t  a t  c h e m i c a l  e q u i l i b r i u m  a n d  a r e  c o m m o n l y  u n d e r s a t u r a t e d  

o r  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  c a r b o n a t e  m i n e r a l s .  

C a l c l t e  s o l u b i l i t y  I s  a t  l e a s t  t w o  t i m e s  g r e a t e r  t h a n  

d o l o m i t e  s o l u b i l i t y ,  w h i c h  h e l p s  a c c o u n t  f o r  d o l o m i t e  

u n d e r s a t u r a t I  o n  I n  m a n y  w a t e r s  s a t u r a t e d  w i t h  r e s p e c t  t o  

c a l c l t e .  N u m e r o u s  I n v e s t i g a t i o n s  o f  c a r b o n a t e  s a t u r a t i o n  

h a v e  b e e n  d o n e  ( R a u c h  a n d  W h i t e ,  1 9 7 7 ;  D r a k e  a n d  H a r m o n ,  

1 9 7 3 ;  B a c k  a n d  H a n s h a w ,  1 9 7 1 ,  1 9 7 0 ;  L a n g m u l r ,  1 9 7 1 ;  

H o s t e t l e r ,  1 9 6 4 ;  H s u ,  1 9 6 3 ;  B a c k ,  1 9 6 3 ;  a n d  o t h e r s ) .  I n  

g e n e r a l  t h e s e  I n v e s t i g a t o r s  c o n c l u d e d  t h a t  c a r b o n a t e  

s a t u r a t i o n  i s  i n f l u e n c e d  b y  k i n e t i c  e f f e c t s  a s  w e l l  a s  

t h e r m o d y n a m i c  e q u i l i b r i u m ,  a l l o w i n g  n o n e q u  I  I  I  b r I  u r n  c o n d i t i o n s  

t o  e x i s t .  K i n e t i c  f a c t o r s  m a y  b e  t e m p e r a t u r e ,  g r o u n d  w a t e r  

m i x i n g ,  f l o w  r a t e s ,  C O  2  e x s o l u t l o n ,  r e a c t i o n  r a t e s ,  
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I l t h o l o g y  a n d  g r a i n  s i z e ,  o r  o t h e r s .  A r m o r i n g  o f  c a r b o n a t e  

m i n e r a l  s u r f a c e s  b y  I n o r g a n i c  s p e c i e s  m a y  a l s o  b e  a  f a c t o r .  

W A T E Q ,  a  c o m p u t e r  p r o g r a m  d e v e l o p e d  b y  T r u e s d e l l  a n d  

J o n e s  ( 1 9 7 4 ) ,  w a s  u s e d  t o  c a l c u l a t e  t h e  I o n i c  e q u i l i b r i u m  

( s a t u r a t i o n  I n d e x )  o f  t h e  w a t e r  s a m p l e s  w i t h  r e s p e c t  t o  3 4  

m i n e r a l s ,  C a / M g  m o l a r  r a t i o s ,  a n d  P C 0 2  f o r  t h e  4 1  w a t e r  

s a m p l e s .  T h e  m i n e r a l s  s e l e c t e d  f o r  d i s c u s s i o n  i n c l u d e  t h e  

s i x  c a r b o n a t e  s p e c i e s ,  f l u o r i t e ,  g y p s u m ,  w h i c h  I s  a  l i k e l y  

2 -
s o u r c e  o f  S O ^  ,  a n d  h a l i t e ,  w h i c h  I s  l o c a l l y  a s s o c i a t e d  w i t h  

l o w e r  M e s o z o I c  f o r m a t i o n s  I n  t h e  A u b u r n  H a t c h e r y - C r o w  C r e e k  

a r e a s .  T h e  S I  o f  t h e  s i x  m i n e r a l s ,  P C 0 2 ,  a n d  C a / M g  r a t i o s  

a r e  l i s t e d  I n  T a b l e  I  V — 3 .  

B a c k  a n d  H a n s h a w  ( 1 9 7 0 ) ,  L a n g m u l r  ( 1 9 7 1 ) ,  H a r m o n  a n d  

o t h e r s  ( 1 9 7 5 ) ,  a n d  o t h e r s  h a v e  s u g g e s t e d  d e f i n i n g  s a t u r a t i o n  

a t  S I  =  1  ±  0 . 1  t o  a l l o w  f o r  m e a s u r e m e n t  e r r o r ;  t h i s  

c o n v e n t i o n  h a s  b e e n  a d o p t e d  h e r e .  T w e n t y - f i v e  o f  t h e  s a m p l e s  

a n a l y z e d  a r e  s a t u r a t e d  o r  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  

c a l c l t e .  T w o  s a m p l e s ,  ( 1 )  a n d  ( 9 ) ,  a r e  s u p e r s a t u r a t e d  w i t h  

r e s p e c t  t o  d o l o m i t e  a n d  t h r e e  s a m p l e s ,  ( 1 ) ,  ( 9 ) ,  a n d  ( 1 3 ) ,  

a r e  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  f l u o r i t e .  

T h e  a r e a l  d i s t r i b u t i o n s  o f  c a l c l t e  a n d  f l u o r i t e  

s a t u r a t i o n  a r e  s h o w n  o n  F i g u r e  I V — 1 6 .  T h e  p e r i p h e r y  

e x t e n s i o n  s p r i n g s  t e n d  t o  b e  s a t u r a t e d  o r  s u p e r s a t u r a t e d  w i t h  

r e s p e c t  t o  c a l c l t e ,  t h e  p e r i p h e r y  t h r u s t  s p r i n g s  a r e  

u n d e r s a t u r a t e d  t o  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c l t e ,  a n d  
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•  U n d e  r s a  t  u r a t e d  

•  S a t u r a t e d  -  C a l c i t e  

A  S a t u r a t e d  - C a l c i t e  &  F l u o r i t e  

43 00 

-  - 4 5  

42 30' 

111 30 1  1 1  0 0  

Figure IV-16. Saturation of water 
and fluorite for 41 
southeastern Idaho. 

samples with respect to calcite 
sites in the Meade thrust area, 
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t h e  I n t e r i o r  s p r i n g s  a r e  a l m o s t  e x c l u s i v e l y  u n d e r s a t u r a t e d  

w i t h  r e s p e c t  t o  c a l c l t e .  T h e  m e a n  s a t u r a t i o n  I n d e x  o f  

c a l c l t e  <  S I  c  )  o f  t h e  p e r i p h e r y  e x t e n s i o n  s p r i n g s  I s  1 . 3 3 ,  a n d  

8 7  p e r c e n t  o f  t h e  s p r i n g s  a r e  a b o v e  0 . 9 0 .  T h e  p e r i p h e r y  

t h r u s t  s p r i n g s  h a v e  a  m e a n  S l c  o f  0 . 9 3 ;  h o w e v e r ,  o n l y  6 0  

p e r c e n t  o f  t h e  s p r i n g s  a r e  a b o v e  0 . 9 0 .  U n d e r s a t u r a t I  o n  w i t h  

r e s p e c t  t o  c a l c l t e  I s  c h a r a c t e r i s t i c  o f  m o s t  I n t e r i o r  

s p r i n g s ,  w h i c h  h a v e  a  m e a n  S l c  o f  0 . 7 4 .  O n l y  t w o  s p r i n g s  I n  

t h i s  g r o u p  h a v e  a  S l c  a b o v e  0 . 9 0 .  

S t a t i s t i c a l  o n e  s i d e d  t  t e s t s  w e r e  p e r f o r m e d  o n  t h e  d a t a  

t o  d e t e r m i n e  w h e t h e r  t h e r e  I s  a  s t a t i s t i c a l  d i f f e r e n c e  

b e t w e e n  t h e  a v e r a g e  s a t u r a t i o n  I n d i c e s  a m o n g  t h e  t h r e e  

d i f f e r e n t  g r o u p s  o f  s p r i n g s .  T h e  t  t e s t s  d e m o n s t r a t e d  t h a t  

a  s t a t i s t i c a l  d i f f e r e n c e  e x i s t s  b e t w e e n  t r e n d s  1  a n d  2  a n d  1  

a n d  3 .  T h e  t e s t s  d i d  n o t  s h o w  a  s t a t i s t i c a l  d i f f e r e n c e  

b e t w e e n  t r e n d s  2  a n d  3 .  T h u s  w e  m a y  c o n c l u d e  t h a t  w a t e r s  

d i s c h a r g i n g  f r o m  p e r i p h e r y  e x t e n s i o n  s p r i n g s  m a y  b e  

s t a t i s t i c a l l y  d i f f e r e n t i a t e d  f r o m  w a t e r s  d i s c h a r g i n g  f r o m  

p e r i p h e r y  t h r u s t  a n d  I n t e r i o r  s p r i n g s .  

T h e r e  a p p e a r s  t o  b e  a  r e l a t i o n s h i p  b e t w e e n  S I  a n d  

b e d r o c k  l l t h o l o g y .  T h e  p e r i p h e r y  e x t e n s i o n  s p r i n g s  w h i c h  

d i s c h a r g e  f r o m  t h e  u p p e r  P a l e o z o i c  f o r m a t i o n s ,  t e n d  t o  b e  

s a t u r a t e d  a n d  s u p e r s a t u r a t e d .  T h e  p e r i p h e r y  t h r u s t  s p r i n g s ,  

w h i c h  d i s c h a r g e  f r o m  t h e  u p p e r  P a l e z o t c  a n d  l o w e r  M e s o z o l c  

f o r m a t i o n s ,  h a v e  d i s c h a r g e  w a t e r s  w h i c h  a r e  u n d e r s a t u r a t e d  t o  

s u p e r s a t u r a t e d .  M o s t  o f  t h e  I n t e r i o r  s p r i n g s ,  w h i c h  
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d i s c h a r g e  p r i m a r i l y  f r o m  t h e  l o w e r  M e s o z o i c  f o r m a t i o n s ,  h a v e  

d i s c h a r g e  w a t e r s  t h a t  a r e  g e n e r a l l y  u n d e r s a t u r a t e d .  

T h e  a p p a r e n t  r e l a t i o n s h i p  b e t w e e n  S  l c  a n d  b e d r o c k  

l l t h o l o g y  I s  n o t  c a s u a l ,  h o w e v e r ;  I t  m a y  b e  e x p l a i n e d  a s  a  

f u n c t i o n  o f  t h e  t h e r m a l  r e g i m e  o f  t h e  a q u i f e r s .  U n l i k e  m o s t  

m i n e r a l s ,  c a l c l t e  t e n d s  t o  b e  l e s s  s o l u b l e  I n  w a r m e r  w a t e r s  

a n d  t h e  c o n t r o l  o f  c a l c l t e  s a t u r a t i o n  I s  p r i m a r i l y  t h e r m a l  

r a t h e r  t h a n  a q u i f e r  d e p e n d e n t .  M o s t  o f  t h e  c a r b o n  I n  g r o u n d  

w a t e r  i s  t a k e n  u p  b y  s o l u t i o n  I n  t h e  c o o l ,  u n s a t u r a t e d  

r e c h a r g e  z o n e ,  w h i c h  f i x e s  t h e  S l c  f o r  t h a t  t e m p e r a t u r e .  

T h i s  i s  r e f l e c t e d  b y  t h e  o b s e r v e d  S l c  o f  t h e  w a t e r s  o f  t h e  

I n t e r i o r  a q u i f e r s .  T h o s e  w a t e r s  w h i c h  u n d e r w e n t  s o m e  w a r m i n g  

I n  t h e  p a t h  t o  t h e  s u r f a c e  b e c a m e  m o r e  s a t u r a t e d  I n  c a l c l t e  

n o t  b y  f u r t h e r  u p t a k e ,  b u t  d u e  t o  t h e  r e d u c t i o n  o f  c a l c l t e  

s o l u b i l i t y  a t  t h e s e  h i g h e r  I n t e r m e d i a t e  t e m p e r a t u r e s .  T h i s  

c o n c l u s i o n  I s  s u p p o r t e d  b y  W A T E Q  c a l c u l a t i o n s  f o r  

t e m p e r a t u r e s  d i f f e r e n t  t h a n  o n e s  o b s e r v e d ,  a n d  b y  t h e  

a p p a r e n t  l a c k  o f  c h a n g e  I n  t h e  S l c o f  n o n c a r b o n a t e  m i n e r a l s ,  

w h i c h  d o  n o t  t r a c k  t h e  h i g h  S I  I n  w a r m  w a t e r s  ( T a b l e  I V - 3 ) .  

T h e s e  w a r m  w a t e r  t e m p e r a t u r e s  n e e d  n o t  h a v e  b e e n  h i g h  e n o u g h  

I O 
t o  c a u s e  a n  ° 0  s h i f t ,  b e c a u s e  c a l c l t e  s a t u r a t i o n  I s  m u c h  

m o r e  t e m p e r a t u r e  s e n s i t i v e .  T h e r e f o r e  t h e  h i g h  d e g r e e  o f  

c a l c l t e  s a t u r a t i o n  o b s e r v e d  I n  t h e  d i s c h a r g e  w a t e r s  o f  m a n y  

p e r i p h e r y  s p r i n g s  m u s t  h a v e  r e s u l t e d  f r o m  g r e a t e r  c l r u l a t l o n  

d e p t h s .  
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F l u o r l + e  s a t u r a t i o n  o f  t h r e e  a n a l y s e s ,  C I ) ,  ( 1 0 ) ,  a n d  

( 1 3 ) ,  a n d  n e a r  s a t u r a t i o n  o f  a  f o u r t h  ( 3 )  m a y  I n d i c a t e  t h a t  

t h e s e  w a t e r s  h a v e  a t  s o m e  t i m e  b e e n  I n  c o n t a c t  w i t h  t h e  

P h o s p h o r l a  F o r m a t i o n .  T h e  P h o s p h o r l a  F o r m a t i o n  I s  t h e  o n l y  

k n o w n  s o u r c e  o f  f l u o r l t e  I n  t h e  s t u d y  a r e a .  A l l  o f  t h e s e  

s p r i n g s  a n d  t h e  w e l l  d i s c h a r g e  f r o m  t h e  W e l l s  F o r m a t i o n ,  

w h i c h  u n d e r l i e s  t h e  P h o s p h o r l a  F o r m a t i o n .  L o w e l l  ( 1 9 5 2 )  

I d e n t i f i e d  a b u n d a n t  f I u o u r a p a t h I t e  a n d  f l u o r l t e  I n  t h i n  

s e c t i o n  a n d  x - r a y  a n a l y s e s  o f  t h e  P h o s p h o r l a  F o r m a t i o n  I n  t h e  

M e a d e  t h r u s t  a r e a .  

T h e  s a t u r a t i o n  I n d i c e s  f o r  a n h y d r i t e ,  g y p s u m ,  a n d  

m a g n e s l t e  I n d i c a t e  t h a t  t h e  d i s c h a r g e  w a t e r s  o f  a l l  s i t e s ,  

e x c l u d i n g  C o r r a l  C r e e k  ( 1 ) ,  a r e  s u b s t a n t i a l l y  u n d e r  s a t u r a t e d  

w i t h  r e s p e c t  t o  t h e s e  m i n e r a l s .  S u c h  l o w  s a t u r a t i o n  I n d i c e s  

m a y  s u g g e s t  t h a t  t h e s e  m i n e r a l s  a r e  n o t  I n  h i g h  

c o n c e n t r a t i o n s  I n  t h e  a q u i f e r s .  H a l i t e  s a t u r a t i o n  ( S l ^ )  I s  

l e s s  t h a n  1  0 ~ ®  f o r  a l l  s a m p l e s  a n a l y z e d .  T h e  S I ^  o f  1 0 " ®  

f o r  t h e  w a t e r  o f  N e w  S a l t  ( 2 7 )  s u g g e s t s  t h a t  t h e  d i s c h a r g e  

w a t e r  d o e s  n o t  f l o w  t h r o u g h  h a l i t e  b e d s  w h i c h  h a v e  b e e n  

r e p o r t e d  I n  t h e  s p r i n g  a r e a  o r  t h a t  g r o u n d  w a t e r  m i x i n g  I s  

o c c u r r I n g .  

C a - M g - H C O 3  C o n c e n t r a t I o n s  

S u b s t a n t i a l  d i f f e r e n c e s  e x i s t  b e t w e e n  t h e  c o n c e n t r a t i o n  

o f  c a r b o n a t e  d i s s o c i a t i o n  p r o d u c t s  I n  t h e  d i s c h a r g e  w a t e r  o f  

t h e  p e r i p h e r y  e x t e n s i o n  g r o u p  a n d  t h e  w a t e r  o f  t h e  o t h e r  t w o  
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g r o u p s .  T h e s e  d i f f e r e n c e s  a r e  r e p r e s e n t e d  g r a p h i c a l l y  a s  

S t i f f  d i a g r a m s  I n  F i g u r e  I V - 1 4 .  T h e  d i s c h a r g e  w a t e r s  o f  t h e  

p e r i p h e r y  e x t e n s i o n  g r o u p  h a v e  a  m e a n  C a - M g - H C O ^  

c o n c e n t r a t i o n  o f  2 3 . 3  m e q / I  ( s t a n d a r d  d e v i a t i o n  9 . 4 ) .  T h e  

d i s c h a r g e  w a t e r s  o f  t h e  p e r i p h e r y  t h r u s t  a n d  I n t e r i o r  g r o u p s  

h a v e  m e a n  c o n c e n t r a t i o n s  r a n g i n g  f r o m  8 . 5  t o  8 . 9  m e q / 1  

( s t a n d a r d  d e v i a t i o n s  o f  0 . 7  a n d  1 . 6 ,  r e s p e c t i v e l y ) .  

M a y o  ( 1 9 8 2 )  d i s c u s s e s  p o t e n t i a l  r e s p o n s i b l e  m e c h a n i s m s  

f o r  t h e  v a r i a t i o n  I n  c o n c e n t r a t i o n s  o f  c a r b o n a t e  d i s s o c i a t i o n  

p r o d u c t s .  H e  c o n c l u d e s  t h a t  t h e  d i f f e r e n c e s  m a y  r e f l e c t  

d i f f e r e n c e s  I n  r e c h a r g e  h i s t o r i e s  o f  t h e  t h r e e  a q u i f e r  

g r o u p s .  

flam!sulmo - Q x.y.fl£jD hnalxzls 

H y d r o g e n  h a s  t w o  s t a b l e  I s o t o p e s ,  1  a n d  2 U  ( d e u t e r i u m  
H  H  

o r  D ) ,  w h o s e  t e r r e s t r i a l  I s o t o p l c  a b u n d a n c e s  a v e r a g e  9 9 . 9 8 5  

a n d  0 . 0 1 5  p e r c e n t ,  r e s p e c t i v e l y .  O x y g e n  h a s  t h r e e  s t a b l e  

I s o t o p e s ,  1 6 0 ,  1 7  0 ,  a n d  0 ,  w h o s e  t e r r e s t r i a l  I s o t o p l c  

a b u n d a n c e s  a v e r a g e  9 9 . 7 5 6 ,  0 . 0 3 9 ,  a n d  0 . 2 0 5  p e r c e n t ,  

r e s p e c t i v e l y .  W a t e r  m o l e c u l e s  t h e r e f o r e  h a v e  n i n e  d i f f e r e n t  

s t a b l e  I s o t o p l c  c o n f i g u r a t i o n s  w h o s e  a t o m i c  m a s s e s  r a n g e  f r o m  

1 8  t o  2 2 .  T h e  p h y s I o - c h e m I c a I  b e h a v i o r s  o f  t h e s e  v a r i o u s  

I s o t o p l c  f o r m s  o f  w a t e r  d e p e n d  o n  t h e i r  c h e m i c a l  a c t i v i t i e s ,  

w h i c h  a r e  r e l a t e d  t o  t h e i r  v a p o r  p r e s s u r e s  ( F a u r e ,  1 9 7 7 ) .  

T h e  l i g h t e s t  w a t e r  m o l e c u l e ,  ^ H ^  ^ 0 ,  h a s  a  s i g n i f i c a n t l y  

h i g h e r  v a p o r  p r e s s u r e  t h a n  d o e s  t h e  h e a v i e s t  w a t e r  m o l e c u l e ,  
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D 2 ^ 0 .  T h e  d i f f e r e n c e s  I n  c h e m i c a l  a c t i v i t y  t e n d  t o  

c o n c e n t r a t e  w a t e r  m o l e c u l e s  c o n t a i n i n g  t h e  I s o t o p e s  ^ 0  a n ( j  

D  I n  c e r t a i n  r e s e r v o i r s  ( e . g . ,  a t m o s p h e r e ,  s u r f a c e  w a t e r ,  

o c e a n ,  g r o u n d  w a t e r ,  e t c . )  I n  t h e  h y d r o l o g l c  c y c l e  b y  

I s o t o p e  f r a c t i o n a t i o n .  

K n o w l e d g e  o f  t h e  a b s o l u t e  a b u n d a n c e  o f  t h e s e  I s o t o p e s  o f  

h y d r o g e n  a n d  o x y g e n  I s  e x t r e m e l y  d i f f i c u l t  t o  o b t a i n  a n d  h a s  

p r o v e n  n o t  t o  b e  n e c e s s a r y  t o  h y d r o l o g l c  a n d  g e o l o g i c  

s t u d i e s  ( F a u r e ,  1 9 7 7 ) .  R a t h e r ,  m a s s  r a t i o  m a s s  s p e c t r o m e t r y  

p e r m i t s  t h e  d e t e r m i n a t i o n  o f  c e r t a i n  I s o t o p l c  r a t i o s  I n  w a t e r  

w i t h  r e l a t i v e  e a s e .  T h e  r a t i o s  m o s t  I m p o r t a n t  I n  t h e  s t u d y  

o f  t h e  w a t e r  w i t h i n  t h e  w a t e r  c y c l e  a r e  ^ 0  a n d  D / * H .  I n  

e a c h  c a s e  t h i s  I s  t h e  r a t i o  o f  t h e  a b u n d a n c e  o f  t h e  s e c o n d  

m o s t  c o m m o n  s t a b l e  I s o t o p e  t o  t h e  m o s t  c o m m o n  o n e .  T h i s  

a l l o w s  t h e s e  r a t i o s  t o  b e  c o m p a r a b l e  I n  d i f f e r e n t  s t u d i e s  

u s i n g  d i f f e r e n t  m a s s  s p e c t r o m e t e r s .  W i t h o u t  d e t e r m i n i n g  a n y  

a b s o l u t e  a b u n d a n c e s ,  t h e  ^ 0 / * %  a n d  D / *  H  a r e  e x p r e s s e d  I n  

t e r m s  o f  t h e  p a r a m e t e r  5 ,  w h i c h  I s  d e f i n e d :  

s180 o/00 a (( 'V^o)  sample  . 1} 1Q3 
( o/ o) standard 

5D »/00 = (O/'H) sample _ 1( 1()3 
(D/ H) standard 

B y  c o n v e n t i o n ,  t h e  r e p o r t i n g  s t a n d a r d  h a s  b e c o m e  S M 0 W  

( S t a n d a r d  M e a n  O c e a n  W a t e r ) ,  w h i c h  w a s  o r i g i n a l l y  a  d e f i n e d  

v a l u e  a n d  w a s  n o t  b a s e d  o n  a  p h y s i c a l  s t a n d a r d  ( C r a i g ,  
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1 9 6 1 a ) .  T h e  I A E A  ( I n t e r n a t i o n a l  A t o m i c  E n e r g y  A g e n c y )  I n  

V i e n n a  h a s  r e c e n t l y  p r e p a r e d  a  p h y s i c a l  s t a n d a r d .  T h e  

s t a n d a r d  I s  a  C 0 2 ( g )  a n d  h a s  b e e n  e q u i l i b r a t e d  w i t h  S M O W .  

A l l  s t a b l e  I s o t o p i c  c o m p o s i t i o n s  p r e s e n t e d  I n  t h i s  

I n v e s t i g a t i o n  a r e  r e p o r t e d  w i t h  r e s p e c t  t o  S M O W .  

T h e  t e n d e n c y  f o r  s p e c i e s  o f  d i f f e r e n t  I s o t o p i c  

c o m p o s i t i o n ,  b u t  i d e n t i c a l  c h e m i c a l  c o m p o s i t i o n ,  n o t  t o  

e q u i l i b r a t e  i d e n t i c a l l y  i n  a  c h e m i c a l  o r  p h y s i c a l  p h a s e  

c h a n g e  ( I . e . ,  I s o t o p i c  f r a c t i o n a t i o n )  I s  t e m p e r a t u r e  

d e p e n d e n t .  T h i s  t e m p e r a t u r e  d e p e n d e n c e  I s  I m p o r t a n t  t o  t h i s  

I n v e s t i g a t i o n  i n  t w o  w a y s .  F i r s t ,  I t  c o n t r o l s  t h e  o c c u r r e n c e  

o f  c e r t a i n  I s o t o p e s  i n  t h e  p r e c I p I  t a t  I o n - e v a p o r a t I  o n - g r o u n d  

w a t e r  r e c h a r g e  c y c l e .  S e c o n d ,  I t  c o n t r o l s  t h e  o c c u r r e n c e  o f  

c e r t a i n  I s o t o p e s  I n  g r o u n d  w a t e r  I n  g e o t h e r m a l  r e g i m e s .  

D u r i n g  e v a p o r a t i o n ,  t h e  m o r e  v o l a t i l e  l i g h t  w a t e r  

m o l e c u l e s  ( p r i m a r i l y  8 0 )  t e n d  t o  e n t e r  t h e  v a p o r  p h a s e ,  

c o n c e n t r a t i n g  t h e  h e a v i e r  a n d  l e s s  v o l a t i l e  m o l e c u l e s  o f  

D H 1 6 0  a n d  H 2 1 8 0 .  W e  m a y  n e g l e c t  t h e  m o l e c u l e s  D 2 1 6 0 ,  D H 1 8 0 ,  

1 8  1 7  
0  a n d  a l l  m o l e c u l e s  c o n t a i n i n g  0 ,  s i n c e  t h e y  

c u m u l a t i v e l y  m a k e  u p  l e s s  t h a n  0 . 0 6  p e r c e n t  o f  w a t e r  

m o l e c u l e s ,  a s  o p p o s e d  t o  9 9 . 7  p e r c e n t  m a d e  u p  b y  ^ H ^ ^ O  a n d  

a b o u t  0 . 3  p e r c e n t  m a d e  u p  b y  t h e  D  a n d  * 8 0  s p e c i e s .  T h i s  

c o n c e n t r a t i o n  r e s u l t s  i n  a  r e s i d u a l  p h a s e  I n  e v a p o r a t i o n  

e n r i c h e d  I n  h e a v y  i s o t o p e s  a n d  a  v a p o r  p h a s e  d e p l e t e d  o f  

t h e m .  A t  h i g h  t e m p e r a t u r e s ,  a p p r o a c h i n g  b o i l i n g ,  t h e  

d i f f e r e n c e  i n  e s c a p i n g  t e n d e n c y  d i m i n i s h e s  t o w a r d  z e r o .  A  
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s e c o n d  f r a c t i o n a t i o n  i m p o r t a n t  i n  h y d r o g e o l o g y  i s  t h a t  w h i c h  

o c c u r s  i n  t h e  e q u i l i b r a t i o n  b e t w e e n  o x y g e n  i n  g r o u n d  w a t e r  

a n d  s i l i c a t e  m i n e r a l s  o f  t h e  a q u i f e r  m a t r i x .  A t  l o w  

t e m p e r a t u r e s  t h e  r e a c t i o n  r a t e s  a r e  t o o  s l o w  t o  s h o w  a n y  

a p p r e c i a b l e  e q u i l i b r a t i o n .  A b o v e  a b o u t  8 0 ° C ,  a n  

1 8  
e q u i l i b r a t i o n  t a k e s  p l a c e  w h i c h  t e n d s  t o  c o n c e n t r a t e  0  i n  

t h e  w a t e r  a n d  t o  d e p l e t e  t h e  s i l i c a t e  m i n e r a l s .  U n l i k e  

1 8  
e v a p o r a t i o n ,  d u r i n g  w h i c h  b o t h  D  a n d  0  a r e  c o n c e n t r a t e d  I n  

1 P 
t h e  w a t e r ,  o n l y  J0 o f  t h e  w a t e r  I n c r e a s e s ,  s i n c e  t h e r e  I s  n o  

a p p r e c i a b l e  h y d r o g e n  I n  t h e  r o c k s  o f  t h e  a q u i f e r  m a t r i x  

( C r a i g ,  1 9 6 3 ,  1 9 6 6 ) .  

I n  a  d e t a i l e d  s t u d y  o f  c o n t i n e n t a l  p r e c i p i t a t i o n s ,  C r a i g  

1 8  
( 1 9 6 1 b )  o b s e r v e d  a  l i n e a r  r e l a t i o n s h i p  i n  0 / D  s p a c e .  T h e  

b a n d  I n  w h i c h  o v e r  1 0 0 0  a n a l y s e s  f e l l  h a s  a n  e q u a t i o n  o f :  

oD = 8 5180 + 10 

I t  I s  i m p o r t a n t  t o  r e m e m b e r  t h a t  n o t  a l l  c o n t i n e n t a l  

p r e c i p i t a t i o n  w i l l  f a l l  d i r e c t l y  u p o n  t h i s  l i n e ,  b u t  t e n d  t o  

g r o u p  n e a r  I t .  T h e  l i n e  I s  f r e q u e n t l y  c a l l e d  t h e  C r a i g  o r  

M e t e o r i c  W a t e r  l i n e .  N o t i c e  t h a t  t h e  s t a n d a r d  S M O W  d o e s  n o t  

1 8  l i e  u p o n  t h i s  l i n e  ( s i n c e  i t  p l o t s  5 0 =  5 0  o / o o ,  D  =  0  

o / o o )  b e c a u s e  I t  I s  n o t  m e t e o r i c  w a t e r ,  b u t  l i e s  b e n e a t h ,  o n  

t h e  I s o t o p l c a l l y  e n r i c h e d  s i d e  o f  I t .  T h e  l o c a t i o n  o f  

m e t e o r i c  w a t e r s  u p o n  t h e  C r a i g  l i n e  I s  a  f u n c t i o n  o f  t h e  

c o n d i t i o n s  u n d e r  w h i c h  t h e  p r e c i p i t a t i o n  f a l l s .  D u r i n g  

c o n d e n s a t i o n  t h e  l i g h t e r  I s o t o p e s  t e n d  t o  r e m a i n  I n  t h e  v a p o r  
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p h a s e ,  a n d  t h i s  f r a c t i o n a t i o n  i s  a l s o  t e m p e r a t u r e  d e p e n d e n t .  

P r e c i p i t a t i o n  f a l l i n g  i n  a r e a s  w i t h  h i g h e r  t e m p e r a t u r e s  o r  a t  

1 8  
l o w e r  l a t i t u d e s  t e n d  t o  h a v e  h i g h e r  6 D  a n d  5  0  v a l u e s  t h a n  

d o e s  p r e c i p i t a t i o n  f a l l i n g  I n  a r e a s  w i t h  l o w e r  t e m p e r a t u r e s  

o r  h i g h e r  l a t i t u d e s .  I n  a  p a r t i c u l a r  r e g i o n  t h e  l o w e s t  6 D  

1 8  
a n d  5  0  v a l u e s  t e n d  t o  o c c u r  a t  t h e  h i g h e r  e l e v a t i o n s  w h e r e  

t h e  a i r  t e m p e r a t u r e s  a r e  g e n e r a l l y  l o w e r .  A t  a  s i n g l e  

l o c a t i o n  a  s e a s o n a l  m i g r a t i o n  a l o n g  t h e  m e t e o r i c  w a t e r  l i n e  

m a y  b e  o b s e r v e d ,  a s  r e c e n t l y  d e m o n s t r a t e d  b y  t h e  s e m l s e a s o n a l  

1 8  
v a r i a t i o n s  i n  £ D  a n d  t 0  o b s e r v e d  b y  T u r n e r  a n d  o t h e r s  

( 1 9 8 0 )  i n  t h e  T u c s o n  b a s i n ,  A r i z o n a .  

1 8  
T h e  c D  a n d  6  0  v a l u e s  o f  g e o t h e r m a l  w a t e r  a n d  s t e a m  

h a v e  b e e n  I n v e s t i g a t e d  b y  C r a i g  ( 1 9 6 3 ,  1 9 6 6 ) .  G e o t h e r m a l  

w a t e r  h e a t e d  a b o v e  7 0  t o  9 0 ° C  d i s p l a y s  o x y g e n  I s o t o p e  s h i f t s  

o f  + 5  o / o o  o r  m o r e  d u e  t o  t h e  p r o g r e s s i v e  e q u i l i b r a t i o n  o f  

o x y g e n  I n  t h e  w a t e r  w i t h  o x y g e n  I n  c a r b o n a t e  a n d  s i l i c a t e  

r o c k s .  T h e  6 D  v a l u e  o f  t h e  w a t e r  r e m a i n s  u n c h a n g e d  b e c a u s e  

o f  t h e  l o w  h y d r o g e n  c o n t e n t  o f  t h e s e  r o c k s .  T h e  m a g n i t u d e  o f  

t h e  o x y g e n  s h i f t  I n c r e a s e s  w i t h  t e m p e r a t u r e  a n d  r e s i d e n c e  

t i m e .  

T h e  r e s u l t s  o f  t h e  s t a b l e  I s o t o p l c  a n a l y s i s  f o r  

t h i r t y - e i g h t  s a m p l e s  f r o m  t h e  s t u d y  a r e a  a r e  s u m m a r i z e d  I n  

T a b l e  I V  —  4  a n d  a r e  s h o w n  g r a p h i c a l l y  o n  F i g u r e  I V - 1 7 .  T h e  

1 8  
a n a l y t i c a l  e r r o r  b a r s  o f  + 0 . 2  o / o o  f o r  £  0  a n d  ± 3  o / o o  f o r  

6 D  a r e  t o o  s m a l l  t o  a p p e a r  w i t h  e a c h  d a t a  p o i n t .  A l l  t h e  

1  O  
r e s u l t s  f a l l  I n t o  t h e  n a r r o w  r a n g e  o f  - 1 6  t o  - 1 9  o / o o  I n  5  0  
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Table IV-4. Deuterium and oxygen-18 analyses of spring and 
well waters in the Meade thrust areas, south­
eastern Idaho. 

Spring identification 18 o o 
number and name < 5  0  (  / o o )  6 D  (  / o o )  

1 Corral Creek -18.4 -119 

2 Sinkhole -18.2 -132 

3 Woodall -18.2 -130 

4 North Woodall -17.6 -124 

5 Formation -18.3 -139 

6 East Soda -18.1 -139 

7 Sulphur Canyon -17.6 -128 

8 Swan Lake #1 -18.3 -140 

9 Swan Lake #2 -17.7 -131 

10 Lone Tree -18.5 -133 

11 Henry Warm #1 -18.1 -140 

12 Henry Warm #2 -18.4 -133 

13 Warm Spring -18.4 -135 

14 North Henry -18.4 -139 

15 Little Blackfoot River -18.3 -132 

16 Chubb -18.3 -136 

17 West Chubb — — 

18 Georgetown Canyon -18.0 -131 

19 Georgetown Canyon Tailings — — 

20 Big Spring -17.9 -129 

21 Auburn Fish Hatchery -18.5 -131 

22 Sage Valley -19.0 -130 

23 South Fork -18.6 -121 

24 Star Valley Hatchery -18.2 -129 

25 Fence Line -17.8 -128 

26 Brooks Spring -17.2 -123 

27 New Salt — — 

28 Nuggett -18.8 -143 

29 Crow Creek Ranch -17.6 -128 

30 Slump Spring — 

-137 31 Lower Lone Tree -17. 3 -137 

32 Lower Young Ranch -17.5 -136 

33 Cold Spring -17.1 -122 

34 FMC -16.8 -134 

35 Square Pond — — 

36 Knudsen Ranch -17.5 -131 

37 Purple Spring -17.7 -138 

38 Peterson Ranch — — —  

39 Pelican Ridge #1 -17.9 -130 

40 Pelican Ridge #2 — — 

41 North Pelican -17.8 -116 
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Figure IV—17. 6D and 6 O values from spring and well waters in the 

Meade thrust area, southeastern Idaho. 



a n d  - 1 1 6  t o  - 1 4 3  o / o o  I n  6 D .  A l t h o u g h  t h e s e  a r e  n o t  

m e t e o r i c  w a t e r s ,  t h e y  h a v e  n o t  u n d e r g o n e  a n y  p r o c e s s  w h i c h  

h a s  m o v e d  t h e i r  s t a b l e  I s o t o p l c  c o m p o s i t i o n  a p p r e c i a b l y  a w a y  

f r o m  t h e  m e t e o r i c  w a t e r  l i n e .  T h e  s m a l l  s c a t t e r  I n  t h e  d a t a  

p e r m i t  t h e  f o l l o w i n g  c o n c l u s i o n s  t o  b e  d r a w n :  

1 .  v a r i a t i o n s  I n  r e c h a r g e  a l t i t u d e s  c a n n o t  b e  d e t e r m i n e d ;  

2 .  s u m m e r  v e r s u s  w i n t e r  r e c h a r g e  c a n  n o t  b e  d i s t i n g u i s h e d ;  

a n d  

3 .  t h e  w a t e r s  h a v e  n o t  b e e n  e l e v a t e d  a b o v e  a p p r o x i m a t e l y  

8 0 ° C .  

R a d I o c a r b o n  C h r o n o m e t r y  

O r i g i n  o f  C a r b o n - 1 4 .  C a r b o n - 1 4  o r  r a d i o c a r b o n .  I s  

p r o d u c e d  I n  n a t u r e  b y  t h e  b o m b a r d m e n t  o f  a t m o s p h e r i c  

n t t r o g e n - 1 4  w i t h  s e c o n d a r y  n e u t r o n s  f r o m  c o s m i c  r a y  

s p a l l a t i o n  r e a c t i o n s .  L l b b y  ( 1 9 4 6 )  s u g g e s t e d  t h a t  

a t m o s p h e r i c  p r o d u c t i o n  o f  r a d i o c a r b o n  I s  c o n t i n u o u s  a n d  

o c c u r s  a t  a  c o n s t a n t  r a t e .  H e  a s s u m e d  a  c o n s t a n t  c o s m i c  

r a d i a t i o n  I n t e n s i t y  o v e r  a  l o n g  p e r i o d  o f  t i m e  a n d  a  c o n s t a n t  

n e u t r o n  f l u x .  

A s  I s  t h e  c a s e  w i t h  s t a b l e  I s o t o p e s ,  t h e  a b s o l u t e  

1 4  
a b u n d a n c e  o f  C  I s  n o t  d e t e r m i n e d  I n  a n  a n a l y s i s .  T h i s  

h y p o t h e t i c a l  a t m o s p h e r i c  e q u i l i b r i u m  c o n c e n t r a t i o n  h a s  b e e n  

a r b i t r a r i l y  a s s i g n e d  a  v a l u e  o f  1 0 0  p e r c e n t  m o d e r n .  T h i s  

1 4  
c o r r e s p o n d s  t o  a  C  d e c a y  r a t e  o f  1 3 . 5 6  d i s i n t e g r a t i o n s  p e r  

m i n u t e  p e r  g r a m  o f  c a r b o n  ( B q / g )  ( O l s s o n ,  1 9 7 4 ) .  A l l  
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a c t i v i t i e s  i n  t h e  e n v i r o n m e n t a l  s c i e n c e s  a r e  r e p o r t e d  w i t h  

r e s p e c t  t o  t h i s  s t a n d a r d  i n  u n i t s  o f  p e r c e n t  m o d e r n  c a r b o n  

( p m c ) .  

1 4  
D i r e c t  v e r i f i c a t i o n  o f  t h e  p a  I e o a t m o s p h e r I c  C  c o n t e n t  

i s  n o t  p o s s i b l e .  P a  I e o n t o I o g I c a I  a n d  s t r a t i g r a p h  I c  s t u d i e s  

s u g g e s t  t h a t  t h e r e  h a s  b e e n  a  r e l a t i v e l y  s t a b l e  r e l a t i o n s h i p  

b e t w e e n  t h e  a t m o s p h e r e  a n d  a t m o s p h e r i c  C O 2  d u r i n g  t h e  p a s t  

7  1 4  
1 . 0  x  1 0  y e a r s  ( C l o u d ,  1 9 6 8 ) .  T h e  C  a n a l y s i s  o f  b r i s t l e  

1 4  
c o n e  p i n e  t r e e  r i n g s ,  w h i c h  r e f l e c t  t h e  C  c o n t e n t  o f  t h e  

a t m o s p h e r e  I n  t h e  y e a r  t h e y  w e r e  f o r m e d ,  h a s  a l l o w e d  a  

1 4  
d e t a i l e d  r e c o n s t r u c t i o n  o f  t h e  C  v a r i a t i o n s  I n  t h e  

a t m o s p h e r e  I n  t h e  l a s t  8 , 0 0 0  y e a r s  ( K l e i n  a n d  o t h e r s ,  1 9 8 0 ) .  

S u e s s  ( 1 9 5 5 )  h a s  s h o w n  t w e n t i e t h - c e n t u r y  w o o d  f o r m e d  p r i o r  t o  

1 4  
n u c l e a r  w e a p o n s  t e s t i n g  t o  b e  a l m o s t  2  p m c  l o w e r  I n  C  

a c t i v i t y  t h a n  n i n e t e e n t h - c e n t u r y  w o o d .  H e  a t t r i b u t e d  t h i s  t o  

1 4  
t h e  I n t r o d u c t i o n  o f  C O 2  c o n t a i n i n g  n o  C  I n t o  t h e  a t m o s p h e r e  

b y  t h e  c o m b u s t i o n  o f  f o s s i l  f u e l s .  T h i s  p h e n o m e n o n  I s  k n o w n  

a s  t h e  " S u e s s  e f f e c t " .  I n  1 9 5 8  d e V r l e s  d e m o n s t r a t e d  t h a t  t h e  

r a d i o c a r b o n  o f  t h e  a t m o s p h e r e  h a s  v a r i e d  s y s t e m a t i c a l l y  a n d  

1 4  
t h a t  C  a c t i v i t y  w a s  a b o u t  2  p m c  g r e a t e r  a r o u n d  1 5 0 0  a n d  

1 7 0 0  A D  t h a n  I n  t h e  n I n t e e n t h - c e n t u r y .  T h e s e  p e r i o d s  

c o r r e s p o n d  t o  p e r i o d s  o f  I n c r e a s e d  c o s m i c  r a y  f l u x .  

1 4  
E x p l o s i o n  o f  n u c l e a r  d e v i c e s  r a i s e d  t h e  C  a c t i v i t y  I n  t h e  

a t m o s p h e r e  t o  o v e r  2 0 0  p m c  a t  t h e  p e a k  I n  t h e  1 9 6 0 ' s .  T h e  

1 4  
a t m o s p h e r i c  C  c o n t e n t  h a s  d e c r e a s e d  s i n c e  t h e n  t o  a b o u t  1 2 0  

1 4  
p m c ,  d u e  t o  t h e  t r a n s f e r  o f  C  f r o m  t h e  a t m o s p h e r e  t o  t h e  
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o c e a n  r e s e r v o i r  o f  c a r b o n .  T h i s  g r e a t  p u l s e  o f  1 4 C  i n t o  t h e  

h y d r o l o g l c  c y c l e  s e r v e s  a s  a n  I d e a l  t r a c e r  o f  p o s t  b o m b  

w a t e r s  a n d  h a s  p r o v e n  o f  g r e a t  v a l u e  I n  t h i s  I n v e s t i g a t i o n .  

Pr I nclP les f l l  R a d l o c a r h o n  C h r o n o m e t r y .  R a d i o m e t r i c  

d a t i n g  u s i n g  I s  b a s e d  o n  t h e  p r i n c i p l e  t h a t  m a t e r i a l  s u c h  

a s  w a t e r  w h i c h  I s  o p e n  t o  t h e  a t m o s p h e r e  a n d  e x c h a n g i n g  w i t h  

I t  h a s  a  c o n t e n t  s i m i l a r  t o  t h a t  o f  t h e  a t m o s p h e r e .  W h e n  

t h e  m a t e r i a l  I s  n o  l o n g e r  I n  c o n t a c t  w i t h  t h e  a t m o s p h e r i c  

r e s e r v o i r ,  t h e  w h i c h  d e c a y s  I s  n o  l o n g e r  r e p l e n i s h e d  b y  

t h a t  r e s e r v o i r  a n d  t h e  C  c o n t e n t  b e g i n s  t o  d e c r e a s e  

a c c o r d i n g  t o  t h e  l a w  o f  r a d i o a c t i v e  d e c a y .  T h e  l a w  m a y  b e  

u s e d  t o  p r e d i c t  t h e  t i m e  s i n c e  t h e  s a m p l e  w a s  I s o l a t e d  f r o m  

t h e  a t m o s p h e r i c  r e s e r v o i r .  T h i s  e q u a t i o n  m a y  b e  w r i t t e n  a s  

f o I  I o w s :  

( - W-2 109 

w h e r e :  

t  -  t i m e  s i n c e  t h e  s a m p l e  w a s  I s o l a t e d  f r o m  t h e  

a t m o s p h e r e  ( o r  a g e ) ,  

x  =  r a d i o a c t i v e  h a l f  l i f e ,  

A  =  s p e c i f i c  a c t i v i t y  a t  t i m e  z e r o  ( I n i t i a l  

a c t i v i t y ) ,  a n d  

A  =  s p e c i f i c  a c t i v i t y  a t  t i m e  t .  

C a r b o n - 1 4  h a s  a  h a l f  l i f e  of  5 7 3 0  ± 3 0  y e a r s  ( G o d w i n ,  1 9 6 2 ) ,  

w h i c h  a l l o w s  t h e  a b o v e  e q u a t i o n  t o  b e  s i m p l i f i e d  t o :  
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I n h e r e n t  a s s u m p t i o n s  I n  r a d i o c a r b o n  c h r o n o m e t r y  a r e :  

1  .  A Q I S  k n o w n ;  

2 .  t h e r e  I s  n o  l o s s  o f  a c t i v i t y  e x c e p t  f o r  n a t u r a l  

d I s I n t e g r a t I o n .  

T h e s e  a s s u m p t i o n s  a r e  s e l d o m  m e t  s i n c e  m o s t  d i s s o l v e d  c a r b o n  

I s  n o t  o f  d i r e c t  a t m o s p h e r i c  o r i g i n  I n  n a t u r a l  g r o u n d  w a t e r  

s y s t e m s .  T h e  m e c h a n i s m s  c o n t r o l l i n g  t h e  I n i t i a l  a c t i v i t y  

I n  g r o u n d  w a t e r  a r e  d e s c r i b e d  I n  t h e  n e x t  s e c t i o n .  M a y o  

( 1 9 8 2 )  p r o v i d e s  a  m o r e  d e t a i l e d  d i s c u s s i o n  o f  t h e  s u b j e c t .  

M e c h a n  I  s m s  £ £ n T £ s l l _ L r L f l _  i J i £ _  l n l ± _ L a l _  l i e  A £ l _ L y _ L ± y -  I n  

G r o u n d  W a t e r .  T h e r e  a r e  t w o  f u n d a m e n t a l  r e a s o n s  w h y  t h e  

a c t i v i t y  o f  w a t e r  i s s u i n g  f r o m  a  s p r i n g  i s  n o t  e q u a l  t o  t h e  

a t m o s p h e r i c  a c t i v i t y  o f  1 0 0  p m c .  F i r s t ,  s o m e  h a s  

u n d e r g o n e  r a d i o a c t i v e  d e c a y ,  a s  d e s c r i b e d  a b o v e .  S e c o n d ,  t h e  

w a t e r  h a s  u n d e r g o n e  I n t e r a c t i o n s  w i t h  v a r i o u s  r e s e r v o i r s  o f  

c a r b o n  o f  d i f f e r e n t  I s o t o p l c  c o m p o s i t i o n s ,  a l t e r i n g  t h e  

c h e m i c a l  a n d  I s o t o p i c  c a r b o n  c o m p o s i t i o n  o f  t h e  s o l u t i o n .  

T h e  l a w  o f  r a d i o a c t i v e  d e c a y  c a n  b e  u s e d  t o  d e t e r m i n e  t h e  a g e  

o f  t h e  s a m p l e  a f t e r  a c c o u n t i n g  f o r  a l l  t h e s e  I n t e r a c t i o n s  

b e c a u s e  t h e  o n l y  c h a n g e  i n  a c t i v i t y  u n a c c o u n t e d  f o r  i s  d u e  t o  

d e c a y .  T h e r e f o r e ,  a n  u n d e r s t a n d i n g  o f  t h e s e  I n t e r a c t i o n s  I s  

e s s e n t i a l  t o  g r o u n d  w a t e r  d a t i n g  ( W I g l e y ,  1 9 7 5 ) .  
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G a r r e l s  a n d  C h r i s t  ( 1 9 6 5 )  s h o w  t h a t  b e c a u s e  o f  p H  

c o n s t r a i n t s ,  a  f a l l i n g  r a i n  d r o p l e t  c a n  t a k e  u p  o n l y  a  v e r y  

s m a l l  a m o u n t  o f  a t m o s p h e r i c  C C ^ .  T h i s  s m a l l  a m o u n t ,  o n  t h e  

o r d e r  o f  1  m e q / l  H C O - j  ,  c a n n o t  a c c o u n t  f o r  t h e  t o t a l  

b i c a r b o n a t e  n o r m a l l y  f o u n d  i n  g r o u n d  w a t e r s ,  w h i c h  I s  o n  t h e  

o r d e r  o f  5  t o  8  m e q / l  H C O g  ( V o g e l  a n d  E h h a l t ,  1 9 6 3 ) .  T h e  

r e s t  o f  t h i s  b i c a r b o n a t e  m u s t  b e  t a k e n  u p  f a r t h e r  a l o n g  t h e  

p a t h  o f  t h e  w a t e r ,  e i t h e r  I n  t h e  s o l i  z o n e  d u r i n g  r e c h a r g e  o r  

I n  t h e  a q u i f e r  I t s e l f .  

F r o m  a  m a s s  b a l a n c e  p e r s p e c t i v e ,  r e c h a r g e  t h r o u g h  t h e  

s o i l  i n  t h e  M e a d e  t h r u s t  a r e a  m a y  b e  c o n s i d e r e d  a s  a  s y s t e m  

o p e n  t o  a  r e s e r v o i r  o f  1 0 0  p m c  p h y t o g e n l c  C O 2  I n  c o n t a c t  w i t h  

a  s m a l l  t o  m e d i u m  ( b u t  f i n i t e )  r e s e r v o i r  o f  d e a d  m i n e r a l  

c a r b o n a t e .  H u m l c  a c i d s  a n d  s i l i c a t e  m i n e r a l s  a r e  a l s o  

p o t e n t i a l  s o u r c e s  o f  C O 2  ( G e h y ,  1 9 7 0 ;  V o g e l  a n d  E h h a l t ,  

1 9 6 3 ) .  T h e y  a r e  u n l i k e l y  s o u r c e s  i n  t h e  M e a d e  t h r u s t  a r e a  

b e c a u s e  t h e y  a r e  c o m m o n l y  a s s o c i a t e d  w i t h  s w a m p y  c o n d i t i o n s  

o r  c r y s t a l l i n e  r o c k  a r e a s .  T h e  r e c h a r g i n g  w a t e r  b e c o m e s  

c l o s e d  t o  t h e  C O 2  r e s e r v o i r  w h e n  I t  p a s s e s  I n t o  t h e  p h r e a t l c  

z o n e .  I n  t h e  c a s e  o f  w a t e r s  I n  t h e  s t u d y  a r e a ,  t h e  a m o u n t  o f  

C 0 2 ( a q )  r e t a i n e d  I n  s o l u t i o n  I s  s m a l l  c o m p a r e d  t o  a  

r e l a t i v e l y  I n f i n i t e  r e s e r v o i r  o f  C a C O ^  I n  t h e  a q u i f e r  m a t r i x .  

F u r t h e r  u p t a k e  o f  d e a d  c a r b o n  m a y  o c c u r  h e r e ,  b u t  s i n c e  a  

s o u r e  o f  H +  f o r  t h i s  r e a c t i o n  I s  n o  l o n g e r  a v a i l a b l e ,  t h e  

t o t a l  a m o u n t  c o n t r i b u t e d  h e r e  p r o b a b l y  I s  s m a l l .  
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T h e  s o u r c e s  a n d  c o n t r i b u t i o n  o f  c a r b o n  t o  s o l u t i o n  I n  

t h e  s t u d y  a r e a  a r e  t h u s  w e l I  d e f i n e d .  T h e  I n f l u e n c e  o f  

I s o t o p l c  f r a c t i o n a t i o n  d u r i n g  t h e s e  p r o c e s s e s  m u s t  a l s o  b e  

c o n s  I d e r e d .  

I s o t o p I c  F r a c t I o n a t I  o n .  C h e m i c a l  a n d  I s o t o p l c  

e q u i l i b r i u m  a r e  n o t  n e c e s s a r i l y  s y n o n y m o u s .  E a c h  o f  t h e  

c h e m i c a l  p r o c e s s e s  t h a t  o c c u r  I n  a  g r o u n d  w a t e r  s y s t e m  I s  

a c c o m p a n i e d  b y  a n  I s o t o p l c  f r a c t i o n a t i o n  ( M u l l e r ,  1 9 7 7 ,  1 9 8 0 ,  

1 9 8 1 ) .  T h e  I s o t o p e s  o f  c a r b o n  t e n d  a l s o ,  l i k e  t h o s e  o f  

o x y g e n  a n d  h y d r o g e n  p r e s e n t e d  e a r l i e r ,  t o  p r e f e r  s o m e  p h a s e s  

o v e r  o t h e r s .  T h i s  p r e f e r e n c e  I s  r e f l e c t e d  I n  t h e  I s o t o p l c  

e n r i c h m e n t  f a c t o r  e .  

1 4  1 3  
O n l y  o n e  e n r i c h m e n t  f a c t o r  o f  t h e  I s o t o p e s  C  a n d  C  

n e e d s  t o  b e  d e t e r m i n e d  b e c a u s e  o f  a  l i n e a r  r e l a t i o n s h i p  

b e t w e e n  t h e  f r a c t i o n a t i o n  b e h a v i o r s  o f  t h e  t w o  ( W I g l e y  a n d  

1 3  
M u l l e r ,  1 9 8 1 ) .  T h e  v a l u e s  f o r  C  a r e  c o n v e n t i o n a l l y  u s e d .  

F r a c t i o n a t i o n  ( a n d  t h u s  e )  I s  t e m p e r a t u r e  d e p e n d e n t ;  t h i s  

d e p e n d e n c e  m u s t  b e  c o n s i d e r e d  w h e n  t r e a t i n g  f o r  t h e  

r e d  I  s t r ' l  b u t  I  o n  o f  I s o t o p e s  I n  t h e  s y s t e m .  T h e  m e t h o d  f o r  

a c c o m p l i s h i n g  t h i s  t r e a t m e n t  I s  t h r o u g h  m o d e l i n g  t h e  I n i t i a l  

a c t i v i t y  o f  t h e  w a t e r  A Q .  I f  t h i s  I s  d o n e  c o r r e c t l y ,  t h e  

d i f f e r e n c e  b e t w e e n  A  a n d  A t  I n  t h e  r a d i o m e t r i c  d a t i n g  U  v  

e q u a t i o n  w i l l  b e  t h e  a g e  o f  t h e  w a t e r .  

M o d e  I  I n q  J f t Q .  F r o m  t h e  p r e v i o u s  d i s c u s s i o n  I t  I s  c l e a r  

t h a t  t h e  p r o b l e m  o f  r a d i o c a r b o n  h y d r o c h r o n o m e t r y  I s  

e s t i m a t i n g  A Q .  A  n u m b e r  o f  m o d e l s  h a v e  b e e n  d e v e l o p e d  f o r  
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e s t i m a t i n g  t h e  i n i t i a l  * 4 C  a c t i v i t y  o f  g r o u n d  w a t e r s .  T h e s e  

m o d e l s  a r e  b a s e d  o n :  1 )  e m p i r i c a l  r e l a t i o n s h i p s ,  2 )  

c a r b o n a t e  s t o I c h i o m e t r y ,  3 )  c a r b o n a t e  e q u i l i b r i u m ,  4 )  

I s o t o p i c  m i x i n g ,  5 )  I s o t o p l c  f r a c t i o n a t i o n ,  a n d  6 )  

c o m b i n a t i o n s  t h e r e o f .  R e v i e w s  o f  t h e  c u r r e n t  m o d e l s  a r e  

p r e s e n t e d  b y  M o o k  ( 1 9 7 6 )  a n d  F o n t e s  a n d  G a r n l e r  ( 1 9 7 9 ) .  

T w o  m o d e l s ,  t h a t  o f  T a m e r s  ( 1 9 7 5 )  a n d  t h a t  o f  P e a r s o n  

( P e a r s o n  a n d  H a n s h a w ,  1 9 7 0 )  w e r e  u s e d  I n  t h i s  i n v e s t i g a t i o n .  

T h e  a c t u a l  m o d e l  c a l c u l a t i o n s  w e r e  d o n e  b y  u s i n g  a  

p r e l i m i n a r y  f o r m  o f  t h e  S A G E  ( S a n d l a  A g e  o f  G r o u n d  W a t e r  

E s t i m a t o r )  c o d e  b e i n g  d e v e l o p e d  a t  S a n d i a  N a t i o n a l  

L a b o r a t o r i e s ,  A l b u q u e r q u e ,  N e w  M e x i c o  ( M u l l e r ,  1 9 8 0 ) .  T h e  

T a m e r s  m o d e l  c a l c u l a t e s  A 0  u s i n g  s t o I c h I o m e t r y  a n d  i s o t o p l c  

e q u i l i b r i u m  c o n s i d e r a t i o n s .  T h e  m o d e l  I s  a  s i m p l e  m i x i n g  

m o d e l  w h i c h  s e t s  A 0  a s  t h e  a c t i v i t y  o f  d i s s o l v e d  o r i g i n a l  

o r g a n i c  c a r b o n  d i l u t e d  b y  d i s s o l v e d  i n o r g a n i c  c a r b o n .  I n  t h e  

S A G E  c o d e ,  t h e  T a m e r s  m o d e l  h a s  b e e n  m o d i f i e d  t o  a c c o u n t  f o r  

I s o t o p l c  f r a c t i o n a t i o n  b e t w e e n  C 0 2 ( a q )  a n d  b i c a r b o n a t e  a n d  

b e t w e e n  m i n e r a l  c a r b o n a t e  a n d  b i c a r b o n a t e  ( M u l l e r ,  o r a l  a n d  

w r i t t e n  c o m m u n i c a t i o n ,  1 9 8 1 ) .  T h e  P e a r s o n  m o d e l  I s  a n  

i s o t o p l c  m i x i n g  m o d e l  w h i c h  c a l c u l a t e s  A Q  o n  t h e  b a s i s  o f  

n  1 3  
C .  T h i s  m o d e l  u s e s  t h e  s t a b l e  C  c o n t e n t  o f  t h e  w a t e r ,  

w h i c h  I s  n o t  s u b j e c t  t o  r a d i o a c t i v e  d e c a y ,  a s  a n  a n a l o g y  t o  

1 4 C  c o n t e n t .  T h e  c o n t e n t  o f  c a r b o n a t e s  d i s s o l v e d  I n  t h e  

g r o u n d  w a t e r  w a s  d e t e r m i n e d  I n  t h e  l a b o r a t o r y  a t  t h e  t i m e  o f  
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14 
t h e  C  a n a l y s e s ,  a n d  I s  r e p r e s e n t e d  I n  t e r m s  s i m i l a r  t o  t h e  

n o t a t i o n  u s e d  f o r  s t a b l e  h y d r o g e n  a n d  o x y g e n :  

; 1 3 C  o / o o  =  ^ T ? C / 1 ? C ^  s a m P 1 e  1 103 

(  C /  C )  s t a n d a r d  

T h e  s t a n d a r d  I s  t h e  c o n v e n t i o n a l l y  a c c e p t e d  r e f e r e n c e  o f  P e e  

D e e  B e l l e n l t e  ( P D B ) .  A l l  v a l u e s  a r e  e x p r e s s e d  w i t h  

r e s p e c t  t o  t h i s  s t a n d a r d  I n  t h i s  s t u d y .  T h e  m o d e l  a c c o u n t s  

f o r  m i x i n g  ( u n d e r  s t o i c h i o m e t r i c  a n d  n o n - s t o l c h I o m e t r I c  

c o n d i t i o n s )  a n d  I s  b a s e d  o n  l i n e a r  m i x i n g  o f  a n d  f r o m  

t h e  s o i l  g a s  a n d  a q u i f e r  r e s e r v o i r s .  A  d i s c u s s i o n  o f  t h e s e  

m o d e l s  a n d  o t h e r  m o d e l s  i s  I n c l u d e d  I n  M a y o  ( 1 9 8 2 ) .  

£rfi.un.d iLalsr hsss Insm ±h£ Xhrjisl AI I o c h t h o n .  

N i n e  s p r i n g s  a n d  o n e  f l o w i n g  w e l l  w e r e  s a m p l e d  f o r  

r a d i o c a r b o n  d a t i n g .  S i t e  s e l e c t i o n  w a s  b a s e d  o n  t h r e e  

c r I t e r I  a :  

1 .  a  w i d e  a r e a l  d i s t r i b u t i o n  o f  s i t e s ,  

2 .  r e p r e s e n t a t i v e  o f  t h e  f l o w  s y s t e m s  b e i n g  e v a l u a t e d ,  

3 .  m i n i m a l  p o t e n t i a l  f o r  a t m o s p h e r i c  c o n t a m i n a t i o n  o f  t h e  

s a m p  I e s .  

O n e  s i t e .  C o r r a l  C r e e k  ( 1 ) ,  w a s  s e l e c t e d  b e c a u s e  i t  

r e p r e s e n t s  a  t h e r m a l  f l o w  s y s t e m  f r o m  t h e  a d j a c e n t  P a r i s  

t h r u s t  b l o c k .  F o u r  s p r i n g s .  S i n k h o l e  ( 2 ) ,  F o r m a t i o n  ( 5 ) ,  

H e n r y  W a r m  § 2  ( 1 2 )  a n d  C h u b b  ( 1 6 ) ,  a r e  r e p r e s e n t a t i v e  o f  

s p r i n g s  o f  t h e  p e r i p h e r y  e x t e n s i o n  g r o u p .  F o u r  s p r i n g s .  
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• 

G e o r g e t o w n  C a n y o n  ( 1 8 ) ,  A u b u r n  H a t c h e r y  ( 2 1 ) ,  S a g e  V a l l e y  

( 2 2 ) ,  a n d  C r o w  C r e e k  ( 2 9 ) ,  a r e  r e p r e s e n t a t 1 v e  o f  t h e  
<>.f; 
,:v; 

• 
p e r i p h e r y  t h r u s t  g r o u p .  O n e  s p r i n g ,  K n u d s e n  R a n c h  ( 3 6 ) ,  I s  

f r o m  a  s h a l l o w  I n t e r b a s l n  g r o u n d  w a t e r  f l o w  s y s t e m  o f  t h e  

I n t e r i o r  g r o u p .  S a m p l e s  o f  m i n e r a l  c a r b o n a t e s  f r o m  t h e  • 
a q u i f e r  w e r e  c o l l e c t e d  a t  s i t e s  ( 2 )  a n d  ( 2 2 )  f o r  1 3 C  

a n a l y s i s .  T h e  ^ C  c o n t e n t  o f  t h e  c a r b o n a t e  w a s  t a k e n  t o  b e  

z e r o .  

C h e m i c a l  a n d  I s o t o p l c  p a r a m e t e r s  f o r  t h e  m o d e l s  w e r e  
• 

o b t a i n e d  f r o m  f i e l d  a n d  l a b o r a t o r y  a n a l y s i s  a n d  f r o m  W A T E Q  

c a l c u l a t i o n s .  C e r t a i n  I s o t o p l c  p a r a m e t e r s  w e r e  e s t i m a t e d  a n d  • 
a d j u s t e d  d u r i n g  t h e  c o m p u t a t i o n a l  p r o c e s s .  T h e  s o u r c e s  o f  

p a r a m e t e r s  a r e  l i s t e d  b e l o w .  

• E a r a m a t e r  S o u r c e  • 
C O  2  ( m m / 1 )  W A T E Q  

H C O ^ "  ( m e q / 1 )  F i e l d  

C O ^  ( m e q /  1  )  W A T E Q  • 
y H C 0 3 ~  W A T E Q  

P H  F i e l d  

T e m p e r a t u r e  ( C ° )  F i e l d  • 
S a m p l e  6^ C  ( o / o o )  L a b o r a t o r y  

A q u i f e r  6^ C  ( o / o o )  L a b o r a t o r y  

S o l  1  g a s  6 ^ C  ( o / o o )  E s t i m a t e  ( a d j u s t a b l e )  • 
1  4  

S a m p l e  A  C  ( p m c )  L a b o r a t o r y  
iii-

A q u i f e r  A ^ C  ( p m c )  E s t i m a t e  ( a d j u s t a b l e ) ;  a s s u m e d  
0  p m c  f o r  o l d  m a r i n e  c a r b o n a t e s  
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14 
S o l i  g a s  A  C  ( p m c )  E s t i m a t e  ( a d j u s t a b l e ) ;  a s s u m e d  

1 0 0  p m c  f o r  p r e b o m b  w a t e r .  

C o m p u t e r  r u n s  o f  b o t h  m o d e l s  w e r e  m a d e  f o r  e a c h  s i t e  b y  

a n  I t e r a t i v e  p r o c e s s .  F o r  t h e  f i r s t  I t e r a t i o n  t h e  a d j u s t a b l e  

p a r a m e t e r s  w e r e  s e t  a t  s o i l  g a s  6 ^ C  =  - 2 0  o / o o ,  A ^ C  =  1 0 0  

1 4  
p m c  a n d  t h e  m i n e r a l  p h a s e  A  C  =  0  p m c .  T h e  m i n e r a l  p h a s e s  

1 3  
C  w a s  s e t  a t  3 . 9 7  o / o o  f o r  S i n k h o l e  ( 2 )  a n d  3 . 2 8  o / o o  f o r  

1 3 
S a g e  V a l l e y  ( 2 2 ) ,  w h i c h  c o r r e s p o n d  t o  t h e  6 C  c o n t e n t s  o f  

t h e  a q u i f e r  c a r b o n a t e  s a m p l e s  a t  t h e s e  s i t e s .  A n  a v e r a g e  o f  

t h e  t w o  v a l u e s  ( 3 . 6  o / o o )  w a s  u s e d  f o r  t h e  r e m a i n d e r  o f  t h e  

a n a l y s e s .  A  c o n v e r g e n c e  b e t w e e n  t h e  T a m e r s  a n d  P e a r s o n  

m o d e l s  w a s  c h e c k e d .  I f  t h e  m o d e l s  d i d  n o t  c o n v e r g e ,  t h e  s o i l  

1  3  
g a s  >  C  p a r a m e t e r  w a s  a d j u s t e d  a n d  t h e  m o d e l s  w e r e  r e r u n .  

I t e r a t i o n s  c o n t i n u e d  I n  t h i s  m a n n e r  u n t i l  A Q  c o n v e r g e n c e  

o c c u r r e d .  C o n v e r g e n c e  o f  t h e s e  m o d e l s  I s  o f  g r e a t  I m p o r t a n c e  

a n d  p h y s i c a l  m e a n i n g ,  s i n c e  I t  I n d i c a t e s  t h a t  t w o  c o m p l e t e l y  

I n d e p e n d e n t  a p p r o a c h e s  t o  m o d e l i n g  A 0  h a v e  p r e d i c t e d  t h e  s a m e  

v a l u e  u n d e r  t h e  s a m e  ( a n d  r e a s o n a b l e )  I n p u t  c o n d i t i o n s .  T h e  

I m p l i c a t i o n s  o f  t h i s  c o n v e r g e n c e  a r e  f u r t h e r  d i s c u s s e d  b y  

M a y o  (  1 9 8 2 ) .  T h e  f i n a l  s o l i  g a s  s ^ C  p a r a m e t e r  a t  e a c h  s i t e  

w a s  a d j u s t e d  t o  m a i n t a i n  c o n s i s t e n t  I n p u t  v a l u e s  f o r  s i m i l a r  

g r o u n d  w a t e r  f l o w  s y s t e m s .  

A f t e r  c o n v e r g e n c e  w a s  o b t a i n e d ,  t h e  g r o u n d  w a t e r  a g e  w a s  

c a l c u l a t e d  f r o m  t h e  g e n e r a l  l a w  o f  r a d i o a c t i v e  d e c a y .  F i n a l  

I n p u t  p a r a m e t e r s  a n d  e s t i m a t e d  g r o u n d  w a t e r  a g e s  o f  t h e  t e n  

188 



s i t e s  a r e  l i s t e d  I n  T a b l e  I V  —  5  a n d  t h e  d i s t r i b u t i o n  o f  

r a d i o c a r b o n  a g e  I s  s h o w n  o n  F i g u r e  I  V  —  1 8 .  

C a u t i o n  s h o u l d  b e  u s e d  w h e n  c o n s i d e r i n g  t h e  c o n c e p t  o f  

" a g e "  a s  a p p l i e d  t o  g r o u n d  w a t e r .  T h e  c o n c e p t  o f  " a g e "  I s  

o n l y  c l e a r l y  d e f i n e d  I n  l i n e a r ,  o n e  d i r e c t i o n a l ,  n o n - m l x l n g ,  

c o n f i n e d  g r o u n d  w a t e r  f l o w  s y s t e m s .  S u c h  s y s t e m s  a r e  

u n c o m m o n  I n  n a t u r e .  I n  a l l  o t h e r  c a s e s  t h e  " a g e "  o f  g r o u n d  

w a t e r ,  a s  p r e d i c t e d  b y  t h e  m e t h o d o l o g y  d e v e l o p e d  h e r e .  I s  a n  

I n d i c a t i o n  o f  t h e  m e a n  t r a v e l  t i m e ,  o r  " m e a n  a g e "  o f  t h e  

v a r i o u s  p a r c e l s  o f  w a t e r  I s s u i n g  f r o m  t h e  s p r i n g .  S p r i n g  

d i s c h a r g e  I s  a n  I n t e g r a t i o n  o f  m a n y  e v e n t s ,  o v e r  a  p e r i o d  o f  

t i m e ,  a n d  w i t h  d i v e r s e  p h y s i c a l  a n d  c h e m i c a l  h i s t o r i e s .  A s  

s u c h  t h e  p r e d i c t e d  g r o u n d  w a t e r  a g e  a l s o  r e f l e c t s  t h i s  

I n t e g r a t i o n .  I n  s o m e  e n v i r o n m e n t s  I  I k e  f r a c t u r e  r o c k s ,  t h e  

f u n d a m e n t a l  a s s u m p t i o n s  I m p l i e d  I n  t h i s  I n t e g r a t i o n  b e c o m e  

q u e s t i o n a b l e .  T h e  g r o u n d  w a t e r  f l o w  s y s t e m s  b e i n g  s t u d i e d  

h e r e  a r e  p a r t l u l a r l y  w e l l  s u i t e d  f o r  1 4 C  d a t i n g  b e c a u s e  o f  

t h e i r  s i z e ,  g e o m e t r y ,  a n d  c o n f i n e m e n t .  

A Q  c o n v e r g e n c e  o f  t h e  t w o  m o d e l s  w a s  n o t  p o s s i b l e  a t  

C o r r a l  C r e e k  ( 1 ) ,  S i n k h o l e  ( 2 ) ,  F o r m a t i o n  ( 5 ) ,  a n d  H e n r y  W a r m  

# 2  ( 1 2 ) .  T h e  r e s u l t s  f r o m  t h e  e x t e n d e d  T a m e r s  m o d e l  a r e  

c o n s i d e r e d  m o r e  r e l i a b l e ,  s i n c e  t h e  s p r i n g s  a t  t h e s e  s i t e s  

w e r e  a c t i v e l y  e v o l v i n g  C O 2  g a s .  T h e  P e a r s o n  m o d e l  a s u m e s  

l i n e a r  m i x i n g  b e t w e e n  t h e  g a s e o u s  a n d  m i n e r a l  p h a s e s  I n  t h e  
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Table IV-5. Ground water 
flowing well 

ages and dating input parameters of nine springs and one 
in the Meade thrust area, southeastern Idaho. 

Estimated Age Model Used 

(years; BCI- T-Tamers, 
Sample Name Bomb Carbon TP-Tamers fc 
and Number Identified) Pearson 

P -2 
co, 1100, co 

.n ,13 6  c  6  c  «15c a"c Amc A ' V  
2 3 3 Temperature sample mineral soil gas sample mineral soil gas 

(mm/1) (meq/l) (meq/1) JHCOj pll ( ' 'c) ("/on) ("/""I ("/<») (pmc) (pnic) (pmc) 

VD 
O  

Corral Creek 
(1) 

Sinkhole 
(2) 

Formation 
(5) 

Henry Warm >2 
( 12 )  

Chubb 

<1M 

Georgetown 
Canyon 
(22) 

Crow Creek 
(24) 

Sage Valley 
(2F1) 

Auburn Fish 
Hatchery 
(29) 

Knudsen 
Ranrfi 
(39) 

36,500 
ft J,(KM) 

12,500 
ft |,noo 

14,500 
ft 1,000 

20,500 
ft 2,000 

1,850 
i  200 

<300; BCI 

<300; BCI 

450 ft 50 

<300; BCI 

<300; BCI 

16.40 46.6 0.000 0 .  79 3 6.58 N.tl 

2.70 R.I 0.003 0. B00 6.R1 19.o 

6.22 10.2 0.002 0.8R7 6.60 11.3 

10-40 14. 3 0.002 0.064 6.44 19.5 

0.29 3.9 0.606 0.913 7.52 12.3 

0.36 3.2 0.003 0.920 7.40 7.0 

0.04 3.7 0.004 0.923 7.41 6.0 

0.29 1.0 0.000 0.917 7.51 11.5 

0.29 3.8 0.005 0.921 7.54 9.5 

0.29 3.9 0.006 0.921 7.52 7.5 

2.2 t. 69 

-1.7 1 . 6 0  

-2.4 J.60 

-9.0 2.58 

-9.6 3.28 

-10.4 3.28 

-lO.H 3.20 

-lo.2 3.20 

-11.25 1.60 

-19.0 

-21.5 

-21.5 

-21.5 

-21.5 

-23.5 

0.00 
ft 0.14 

13.9 
• 0.2 

12.2 
f t  0 . 1  

6.19 
f t  0 . 2 3  

44.1 
ft 0.6 

59.87 
ft 0.63 

61. 3 
ft 0.8 

52.7 
ft 0.9 

52.7 
ft 0.9 

61.7 
ft 0.8 

ion 

100 

110 

110 

m o  

1 10 
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one flowing well in the Meade thrust area, south­
eastern Idaho. 
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r e s e r v o i r  a n d  w i l l  n o t  a c c o u n t  f o r  i s o t o p l c  e n r i c h m e n t  o f  t h e  

r e s i d u a l  p h a s e  a s  C 0 £  g a s  I s  e v o l v e d .  

F o u r  s i t e s ,  G e o r g e t o w n  C a n y o n  ( 1 8 ) ,  A u b u r n  H a t c h e r y  

( 2 1 ) ,  C r o w  C r e e k  ( 2 9 )  a n d  K n u d s e n  R a n c h  ( 3 6 ) ,  r e q u i r e d  a n  

1 4  
a d j u s t m e n t  o f  t h e  s o i l  g a s  A  C  t o  1 1 0  p m c .  W i t h o u t  t h i s  

a d j u s t m e n t  t h e  m o d e l s  w o u l d  n o t  c o n v e r g e  a n d  t h e  g r o u n d  w a t e r  

a g e  c a l c u l a t i o n s  r e s u l t e d  I n  r e c h a g e  a g e s  t h a t  a r e  I n  t h e  

f u t u r e  -  o b v i o u s l y  a n  e r r o r .  A  s o i l  g a s  A ^ C  o f  1 1 0  p m c  I s  

c o n s i s t e n t  w i t h  p o s t - b o m b  r e c h a r g e  c o n d i t i o n s  ( I . e . ,  t h e  l a s t  

2 0  y e a r s ) ;  h o w e v e r ,  i t  I s  u n l i k e l y  t h a t  t h e s e  w a t e r s  a r e  l e s s  

t h a n  2 0  y e a r s  o l d .  T h e  1 1 0  p m c  v a l u e  p r o b a b l y  I n d i c a t e s  

m i x i n g  o f  m o d e r n  a n d  p r e b o m b  w a t e r .  A  2 0 %  c o m p o n e n t  o f  1 5 0  

p m c  m i x e d  w i t h  a n  8 0 %  c o m p o n e n t  o f  m o d e r n  b u t  p r e b o m b  s o i l  

g a s ,  a t  1 0 0  p m c ,  c o u l d  y i e l d  t h e  a p p a r e n t  1 1 0  p m c .  T h e  1 5 0  

p m c  c o n t r i b u t i o n  c o u l d  o n l y  h a v e  o c c u r r e d  f o r  a  s h o r t  

p e r i o d .  T h e  p r o p o s e d  1 5 0  p m c  m i x t u r e  I s  h i g h l y  u n l i k e l y ,  b u t  

I t  d o e s  b o u n d  t h e  " m o d e r n "  a g e  o f  t h e  w a t e r s  t o  n o  g r e a t e r  

t h a n  a b o u t  3 0 0  y e a r s  m e a n  a g e .  

A q u i f e r  T e m p e r a t u r e s  

D i s c h a r g e  t e m p e r a t u r e s  o f  s p r i n g s  a n d  w e l l s  I n  t h e  M e a d e  

t h r u s t  a l l o c h t h o n  a r e  2 6 ° C  o r  l e s s .  M a n y  o f  t h e  s p r i n g s  m a y  

b e  c l a s s i f i e d  a s  g e o t h e r m a l .  M a x i m u m  a q u i f e r  t e m p e r a t u r e s  

o f  s e v e r a l  s p r i n g s  a n d  w e l l s  I n  t h e  B l a c k f o o t  R e s e r v o i r  a r e a  

w e r e  e s t i m a t e d  b y  M i t c h e l l  ( 1 9 7 6 )  u s i n g  g e o c h e m l c a l  

t h e r m o m e t e r s .  C o r r a l  C r e e k  ( 1 ) ,  W o o d a l l  ( 3 )  a n d  S u l p h u r  
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C a n y o n  ( 7 )  w e r e  i n c l u d e d  I n  M i t c h e l l ' s  I n v e s t i g a t i o n .  

M i t c h e l l  u s e d  t h e  f o l l o w i n g  g e o c h e m l c a l  t h e r m o m e t e r s :  

s l l c a ,  N a + / K + ,  C a 2 +  a n d  H C O - , " ,  C l ~ / F ~ ,  M g 2 + : M g 2 + / C a 2 + ,  

2  =  2 =  -  -  2  -
N a  / C a  ,  C I  / H C O ^  + < - 0 2  >  a n d  F o u r n l e r  a n d  T r u e s d e l l  

g e o c h e m l c a l  t h e r m o m e t e r  m i x i n g  m o d e l s  ( M i t c h e l l ,  1 9 7 6 ) .  

M i t c h e l l  c o n c l u d e d :  1 )  t h e  c h a l c e d o n y  e q u i l i b r i u m  

t h e r m o m e t e r  w a s  t h e  m o s t  r e l i a b l e  f o r  t h e  a r e a  a n d  2 )  

1 8  
a q u i f e r  t e m p e r a t u r e s  d o  n o t  e x c e e d  5 0 ° C .  T h e  D /  0  a n a l y s e s  

p r e s e n t e d  e a r l i e r  s u p p o r t  t h i s  c o n c l u s i o n .  I t  a p p e a r s  t h a t  

a q u i f e r  t e m p e r a t u r e s  d o  n o t  e x c e e d  8 0 ° C  a n d  m a n y  a r e  

p r o b a b l y  l e s s  t h a n  5 0 ° C .  

C u m u l a t i v e - f r e q u e n c y  d i s t r i b u t i o n  t r e n d s  o f  d i s c h a r g e  

t e m p e r a t u r e  b y  s p r i n g  g r o u p s  ( F i g u r e  I V — 1 9 )  s h o w  t h a t  t h e  

p e r i p h e r y  e x t e n s i o n  s p r i n g s  ( t r e n d  1 )  h a v e  h i g h e r  

t e m p e r a t u r e s  a n d  g r e a t e r  t e m p e r a t u r e  v a r i a t i o n s  b e t w e e n  t h e  

s p r i n g s  t h a n  d o  t h o s e  o f  t h e  p e r i p h e r y  t h r u s t  ( t r e n d  2 )  a n d  

I n t e r i o r  ( t r e n d  3 )  g r o u p s .  S t a t i s t i c a l  o n e  s i d e d  t  t e s t s  

w e r e  p e r f o r m e d  o n  t h e  d a t a  I n  t r e n d s  1 ,  2 ,  a n d  3  t o  

d e t e r m i n e  I f  t h e r e  I s  a  s t a t i s t i c a l  d i f f e r e n c e  b e t w e e n  t h e  

a v e r a g e  v a l u e s  o f  t h e  t e m p e r a t u r e s  a m o n g  t h e  t r e n d s .  A  0 . 9 5  

c o n f i d e n c e  i n t e r v a l  w a s  u s e d  f o r  t h e  t e s t .  T h e  t  t e s t  

d e m o n s t r a t e d  t h a t  s t a t i s t i c a l  d i f f e r e n c e s  e x i s t  b e t w e e n  

t r e n d s  1  a n d  2 ,  a n d  1  a n d  3 .  I t  i s  t h u s  p o s s i b l e  t o  

c o n c l u d e  t h a t  d i s c h a r g e  w a t e r s  f r o m  p e r i p h e r y  e x t e n s i o n  

s p r i n g s  m a y  b e  s t a t i s t i c a l l y  d i f f e r e n t i a t e d  f r o m  d i s c h a r g e  
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Figure IV-19. Cumulative frequence distribution of discharge temperature grouped by 
discharge groups. Mean (x) and standard deviation (s) are shown for 
each group. 



w a t e r s  f r o m  p e r i p h e r y  t h r u s t  a n d  i n t e r i o r  s p r i n g s .  

A  s u m m a r y  o f  t  t e s t  r e s u l t s  i s  s h o w n  I n  T a b l e  I V - 6 .  

T a b l e  I V - 6 .  R e s u l t s  o f  d i s c h a r g e  t e m p e r a t u r e  t  t e s t s  

U  
T r e n d s  T e s t e d  ( X  -  X  )  T e s t  C r i t e r i a  

1  v s  2  5 . 7 3  2 . 8 7  
1  v s  3  7 . 6 8  2 . 9 9  
2  v s  3  1  . 9 5  2 . 0 7  

T w o  m e c h a n i s m s ,  h e a t  l o s s  f r o m  P l e i s t o c e n e  v o l c a n l c s  a n d  

t h e  g e o t h e r m a l  g r a d i e n t ,  a r e  t h e  m o s t  l i k e l y  s o u r c e s  o f  h e a t  

r e s p o n s i b l e  f o r  t h e  w a r m i n g  o f  t h e  d i s c h a r g e  w a t e r  o f  t h e  

p e r i p h e r y  e x t e n s i o n  s p r i n g s .  M a b e y  a n d  O r i e l  ( 1 9 7 0 )  r e p o r t  

t w o  c y c l e s  o f  v o l c a n l s m  I n  t h e  B l a c k f o o t  R e s e r v o i r  g r a b e n .  

D u r i n g  t h e  f i r s t  c y c l e  b a s a l t  a c c u m u l a t e d  I n  a  l o c a l  

d e p r e s s i o n  e a s t  o f  t h e  p r e s e n t  r e s e r v o i r ;  t h e  b a s a l t  h a s  b e e n  

d a t e d  b y  r e v e r s e  r e m n a n t  m a g n e t i s m  a s  g r e a t e r  t h a n  7 0 0 , 0 0 0  

y e a r s  b e f o r e  t h e  p r e s e n t .  D u r i n g  t h e  s e c o n d  p h a s e ,  b a s a l t i c  

v o l c a n l c s  a c c u m u l a t e d  I n  d e p r e s s i o n s  s o u t h  a n d  w e s t  o f  t h e  

p r e s e n t  r e s e r v o i r .  T h e  t h r e e  p r o m i n e n t  v o l c a n i c  c o n e s ,  

C h i n a  H a t ,  N o r t h  C o n e  a n d  S o u t h  C o n e ,  h a v e  b e e n  d a t e d  b y  K - A r  

m e t h o d s  a s  a b o u t  1 0 0 , 0 0 0  y e a r s  o l d  ( A r m s t r o n g  a n d  o t h e r s ,  

1 9 7 5 ) .  T h e  c o n e s  a r e  l o c a t e d  n e a r  t h e  c e n t e r  o f  t h e  g r a b e n .  

T h e y  a r e  c h i e f l y  r h y o l l t i c  a n d  a r e  t h o u g h t  t o  b e  o l d e r  t h a n  

t h e  s e c o n d  c y c l e  o f  b a s a l t i c  d e p o s i t i o n  I n  t h e  l a v a  f i e l d .  
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F o u r  l i n e s  o f  e v i d e n c e  s u g g e s t  t h e  s h a l l o w  b a s a l t s  a r e  

n o t  t h e  h e a t  s o u r c e  f o r  t h e  p e r i p h e r y  e x t e n s i o n  g r o u p .  

F i r s t ,  s p r i n g s  5 - 9  a r e  l o c a t e d  c o n s i d e r a b l y  s o u t h  o f  t h e  

volcanics In the graben. Second, the water chemistry of the 

p e r i p h e r y  e x t e n s i o n  s p r i n g s  I s  n o t  t y p i c a l  o f  b a s a l t i c  

w a t e r s .  B a s a l t i c  a q u i f e r s  g e n e r a l l y  h a v e  h i g h  C a / M g  r a t i o s  

a n d  h i g h  C I "  c o n c e n t r a t i o n s  ( W h i t e  a n d  o t h e r s ,  1 9 6 3 ) ,  w h e r e a s  

t h e  p e r i p h e r y  e x t e n s i o n  s p r i n g s  d o  p o t .  T h i r d ,  s p r i n g  

d i s c h a r g e  e l e v a t i o n s  a r e  a b o v e  n e a r b y  e l e v a t i o n s  o f  t h e  l a v a  

f i e l d .  F o u r t h ,  w a t e r  t a b l e  c o n t o u r s  I n  t h e  b a s a l t ,  d e v e l o p e d  

b y  D i o n  ( 1 9 7 4 )  a  p a r t  o f  a n  I n v e s t i g a t i o n  o f  l e a k a g e  f r o m  t h e  

B l a c k f o o t  R e s e r v o i r ,  a n d  i n d e p e n d e n t l y  d e v e l o p e d  c o n t o u r s  b y  

S e l t z  a n d  N o r v i t c h  ( 1 9 7 9 )  I n d i c a t e  s h a l l o w  g r o u n d  w a t e r  f l o w  

p a t h s  i n  t h e  b a s a l t  a r e  t o  t h e  s o u t h w e s t ,  a w a y  f r o m  t h e  

p e r i p h e r y  e x t e n s i o n  s p r i n g s .  

T h e  r e g i o n a l  g e o t h e r m a l  g r a d i e n t  c a n  a c c o u n t  f o r  m a x i m u m  

e s t i m a t e d  a q u i f e r  t e m p r e a t u r e s .  T e m p e r a t u r e  v a r i a t i o n s  

b e t w e e n  s p r i n g  g r o u p s  m a y  b e  e x p l a i n e d  b y  v a r i a t i o n s  I n  t h e  

d e p t h  o f  c i r c u l a t i o n  p a t t e r n s .  M a n s f i e l d  ( 1 9 2 7 )  a n d  M i t c h e l l  

( 1 9 7 6 )  e s t i m a t e d  a  r e g i o n a l  g e o t h e r m a l  g r a d i e n t  o f  4 0 ° C / k m  

f o r  t h e  M e a d e  t h r u s t  a r e a .  B r o t t  a n d  o t h e r s  ( 1 9 7 6 )  e s t i m a t e d  

g e o t h e r m a l  g r a d i e n t s  j u s t  n o r t h  o f  t h e  a r e a ,  n e a r  R e x b u r g ,  

I d a h o ,  t o  b e  I n  t h e  r a n g e  o f  1 6  t o  8 0 ° C / k m .  ( R e x b u r g  I s  o n  

t h e  e d g e  o f  t h e  S n a k e  R i v e r  P l a i n . )  R a l s t o n  a n d  o t h e r s  ( 1 9 8 1 )  

c a l c u l a t e d  g e o t h e r m a l  g r a d i e n t s  I n  t h e  r a n g e  o f  1 9  t o  61 ° C / k m  
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f r o m  o i l  a n d  g a s  e x p l o r a t i o n  b o r e h o l e  d a t a  f r o m  t h e  

o v e r t h r u s t  b e l t  I n  s o u t h e a s t e r n  I d a h o .  

F I QW Easterns -Suggested iLy C h e m l c a  I  a n d  P h y s  I c a  I  D a t a  

T h e  c o m p l e x  r o c k - w a t e r  I n t e r a c t i o n s  t h a t  o c c u r  I n  g r o u n d  

w a t e r  f l o w  s y s t e m s  m a y  b e  d e s c r i b e d  b y  a n  a n a l y s i s  o f  t h e  

c h e m i c a l  a n d  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  d i s c h a r g e  w a t e r s  

f r o m  t h e  s y s t e m .  I n  a  g e o l o g i c a l l y  c o m p l e x  r e g i o n  s u c h  a s  

t h i s  s t u d y  a r e a ,  t h e  c h e m I c a I - p h y s I c a I  c h a r a c t e r i s t i c s  o f  a n  

I n d i v i d u a l  d i s c h a r g e  a r e  v e r y  c o m p l e x .  H o w e v e r ,  p r o p e r l y  

o r g a n i z e d  a n d  a n a l y z e d  c h e m I c a  I - p h y s I c a I  d a t a  a l l o w  t h e  

c l a s s i f i c a t i o n  o f  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  t h e  v a r i o u s  

a q u i f e r  t y p e s  I n  t h e  r e g i o n  a n d  t h e  a n a l y s i s  o f  g r o u n d  w a t e r  

f l o w  p a t t e r n s .  

T h r e e  a q u i f e r  t y p e s  h a v e  b e e n  I d e n t i f i e d  I n  t h e  s t u d y  

a r e a .  T h e  t y p e s  a r e :  1 )  a q u i f e r s  d i s c h a r g i n g  a l o n g  

p e r i p h e r y  e x t e n s i o n  f a u l t s ,  c a l l e d  p e r i p h e r y  e x t e n s i o n  

a q u i f e r s ,  2 )  a q u i f e r s  d i s c h a r g i n g  a l o n g  o r  n e a r  p e r i p h e r y  

t h r u s t  f a u l t s ,  c a l l e d  p e r i p h e r y  t h r u s t  a q u i f e r s ,  a n d  3 )  

a q u i f e r s  d i s c h a r g i n g  I n  t h e  u p l a n d ,  I n t e r i o r  r e g i o n s  o f  t h e  

a l l o c h t h o n ,  c a l l e d  I n t e r i o r  a q u i f e r s .  T h i s  c l a s s i f i c a t i o n  

s c h e m e ,  o r i g i n a l l y  s e l e c t e d  o n  t h e  b a s i s  o f  a p p a r e n t  

s t r u c t u r a l  a n d  s t r a t I  g r a p h  I c  c o n t r o l s  r e g u l a t i n g  t h e  l o c a t i o n  

o f  s p r i n g s ,  h a s  s e r v e d  w e l l  a s  a n  o r g a n i z a t i o n a l  u m b r e l l a  f o r  

t h e  c h a r a c t e r i z a t i o n  o f  t h e  c h e m I c a I - p h y s I c a I  s i g n a t u r e s  o f  
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t h e  w a t e r s  a n a l y z e d .  T h e  c h e m i c a l - p h y s i c a l  c h a r a c t e r i s t i c s  

o f  t h e  a q u i f e r  t y p e s  a r e  s u m m a r i z e d  I n  T a b l e  I V - 7 .  

P e r  I p h e r y  E x t e n s 1  o n  A q u 1 f e r s .  T h e  p e r i p h e r y  e x t e n s i o n  

s p r i n g s  a r e  t h e  d i s c h a r g e  a r e a  o f  a  m a j o r  g r o u p  o f  d e e p  

c i r c u l a t i n g ,  r e g i o n a l  t y p e  a q u i f e r s  w h o s e  I n d i v i d u a l  f l o w  

s y s t e m s  h a v e  s i m i l a r  p a t t e r n s  a n d  e n c o u n t e r  s i m i l a r  g e o l o g i c  

c o n d i t i o n s  a n d  w h o s e  w a t e r s  h a v e  s i m i l a r  c h e m I c a I - p h y s I c a I  

p r o p e r t i e s .  T h e  a q u i f e r s  a r e  r e s t r i c t e d  t o  t h e  u p p e r  

P a l e o z o i c  f o r m a t i o n s .  C i r c u l a t i o n  p a t t e r n s  a r e  l a r g e l y  

c o n t r o l l e d  b y  t h e  c o n f i g u r a t i o n  o f  t h e  b e d d i n g  I n  t h e s e  

f o r m a t i o n s ;  h o w e v e r ,  d i s c h a r g e  p a t t e r n s  a r e  f a u l t  c o n t r o l l e d .  

T h e  a q u i f e r s  h a v e  c a l c i u m - b i c a r b o n a t e  t y p e  w a t e r  r e s u l t i n g  

f r o m  t h e  d i s s o l u t i o n  o f  l i m e s t o n e .  T h e  d i s c h a r g e  w a t e r s  h a v e  

t h e  h i g h e s t  C a / M g  r a t i o s  a n d  c o n c e n t r a t i o n s  o f  c a r b o n a t e  

d i s s o c i a t i o n  p r o d u c t s  I n  t h e  s t u d y  a r e a .  T h e  d i s c h a r g e  

w a t e r s  a r e  a l s o  s a t u r a t e d  o r  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  

c a l c l t e .  D i s c h a r g e  w a t e r s  a r e  g e n e r a l l y  I n  t h e  l o w  t h e r m a l  

r a n g e ,  a n d  a p p e a r  t o  b e  h e a t e d  a s  a  r e s u l t  o f  t h e  g e o t h e r m a l  

g r a d i e n t .  C a l c l t e  s a t u r a t i o n  a p p e a r s  t o  r e s u l t  f r o m  t h e  

d e c r e a s e d  s o l u b i l i t y  o f  c a l c l t e  a t  t h e  e l e v a t e d  t e m p e r a t u r e s  

e n c o u n t e r e d  d e e p  I n  t h e  a q u i f e r .  D i s s o l u t i o n  o f  c a r b o n a t e  

m i n e r a l s  p r o b a b l y  o c c u r s  u n d e r  o p e n  s y s t e m  c o n d i t i o n s  I n  t h e  

p r e s e n c e  o f  C 0 £  s o i l  g a s  d u r i n g  t h e  s l o w  m o v e m e n t  o f  w a t e r  

t h r o u g h  t h e  u n s a t u r a t e d  z o n e .  T h i s  s u s p e c t e d  s l o w  m o v e m e n t  

t h r o u g h  t h e  u n s a t u r a t e d  z o n e  m a y  b e  t h e  c a u s e  o f  t h e  
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Table IV-7. Summary of the chemical and physical character­
istics of discharges from springs and wells in 
the Meade thrust area, southeastern Idaho. 

Periphery extension Periphery thrust Interior 

Number of samples 16 10 11 

Discharge temperature 

mean t°C) 15.1 9.4 7.5 

standard deviation 4.9 2.0 2.4 

Discharge elevation 

oean (meters) 1880 2065 varies greatly 

standard deviation 19 117 na 

Discharge volume 

!£ springs having discharge 
less than 20 1/sae 18.2 0 67.1 

% springs having discharge 
21 - 99 1/sec 26.4 30.0 14.3 

!£ springs having discharge 
100 - 200 1/sec 18.2 40.0 28.6 

% springs having discharge 
200 - 625 1/sec 27.2 10.0 0 

Ca/Mg ratio 

mean 3.4 2.2 2.4 

standard deviation 0.9 0.6 0.9 

Calcite saturation Index 
(51=) 

mean 1.33 0.93 0.74 

standard deviation 0.38 0.31 0.22 

^ lass than 0.9 12.5 40.0 81.8 

% 0.9 - 1.1 12.5 30.0 0 

$ greater than 1.1 75.0 30.0 18.2 

Ca-Mg-HCOj concentration 

mean (meq/1) 23.2 8.5 8.9 

standard deviation 9.4 0.7 1.6 

Radiocarbon age (y.b.p.) 12.500 to 20,500 less than 450 less than 300 

Discharge control Oaepseoted exten­
sion faults. 

Splays of the 
heads thrust 
faultt some bad-
ding plane. 

Bedding plane 
and shallow 
extension fault. 

Remarks Massive travertine 
deposits. 

Interbasin dis­
charges are leas 
than 20 1/aeei 
intrabaain dis­
charges are usu­
ally greater than 
100 1/sac. 
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I n c r e a s e d  c o n c e n t r a t i o n  o f  c a l c l t e  d i s s o l u t i o n  p r o d u c t s .  

M e a n  g r o u n d  w a t e r  r e s i d e n c e  t i m e s  a r e  I n  t h e  r a n g e  o f  1 2 , 7 0 0  

t o  2 0 , 5 0 0  r a d i o c a r b o n  y e a r s .  

G r o u n d  w a t e r  s t o r a g e  c a p a c i t y  o f  t h e s e  s y s t e m s  I s  g r e a t ,  

a s  s h o w n  b y  t h e  n e a r l y  c o n s t a n t  a n d  l a r g e  s p r i n g  d i s c h a r g e s .  

A s  a  g r o u p  o f  t h e s e  a q u i f e r s  s u p p o r t  t h e  l a r g e s t  s p r i n g s  I n  

t h e  M e a d e  t h r u s t  a r e a .  G r o u n d  w a t e r  f l o w  p a t h s  a r e  p r i m a r i l y  

b e d d i n g  p l a n e  c o n t r o l l e d ,  a n d  d i s c h a r g e  I s  c o n t r o l l e d  b y  t h e  

e x t e n s i o n  f a u l t  s y s t e m ,  w h i c h  t r u n c a t e s  t h e  u p p e r  P a l e o z o i c  

f o r m a t i o n s  a t  d e p t h ,  a l o n g  t h e  w e s t e r n  p e r i p h e r y  o f  t h e  

a l l o c h t h o n .  T h e  a s c e n t  o f  g r o u n d  w a t e r  a l o n g  t h e  e x t e n s i o n  

s t r u c t u r e s  I n  t h e  d i s c h a r g e  a r e a  l o w e r s  t h e  w a t e r  t e m p e r a t u r e  

a n d  t h e  c o n f i n i n g  p r e s s u r e .  L o w e r e d  t e m p e r a t u r e s  a n d  

c o n f i n i n g  p r e s s u r e s  t r i g g e r  a  s e r i e s  o f  c h e m i c a l  r e a c t i o n s  

r e s u l t i n g  I n  t h e  d e p o s i t i o n  o f  e x t e n s i v e  t r a v e r t i n e  d e p o s i t s  

a n d  t h e  e v o l u t i o n  o f  C 0 2  g a s .  T h e  d e p o s i t i o n  o f  t r a v e r t i n e  

p e r i o d i c a l l y  s e a l s  s p r i n g  d i s c h a r g e  v e n t s ,  c a u s i n g  a  

m i g r a t i o n  o f  d i s c h a r g e  a r e a s  a l o n g  t h e  e x t e n s i o n  f a u l t  

s y s t e m .  I n  t h e  d i s c h a r g e  a r e a s  t h e  f l o w  s y s t e m s  a p p e a r  t o  

h a v e  a  c o m m o n  h y d r a u l i c  h e a d  a t  a b o u t  1 9 0 0  m .  

• E f i r  I  P h e r y  X h i i . i i . s i  . a n i l  I  n  t  r  I  o n Aq u I f er s. The periphery 

t h r u s t  a n d  I n t e r i o r  s p r i n g s  a r e  t h e  d i s c h a r g e  a r e a s  o f  

s h a l l o w  t o  p o s s i b l y  m o d e r a t e l y  d e e p  c i r c u l a t i n g ,  l o c a l  a n d  

I n t e r m e d i a t e  t y p e  g r o u n d  w a t e r  s y s t e m s .  T h e  a q u i f e r  s y s t e m s  

a r e  c o n t a i n e d  b y  t h e  u p p e r  P a l e o z o i c  a n d  l o w e r  M e s o z o l c  

f o r m a t i o n s .  C l a s s i f i c a t i o n  o f  t h e  I n t e r i o r  a q u i f e r s  I n t o  
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I n + e r b a s l n  a n d  I n + r a b a s l n  t y p e s ,  a s  p r o p o s e d  b y  W i n t e r  ( 1 9 7 9 )  

a n d  o t h e r s ,  I s  u s e f u l  w h e n  d e s c r i b i n g  t h e i r  f l o w  p a t h s .  T h e  

M e a k  P e a k  P h o s p h a t l c  S h a l e  M e m b e r  o f  t h e  P h o s p h o r l a  F o r m a t i o n  

I s  b e l i e v e d  t o  f o r m  a  h y d r a u l i c  b a r r i e r  s e p a r a t i n g  I n d i v i d u a l  

a q u i f e r s  w i t h i n  t h e  I n t e r i o r  a n d  p e r i p h e r y  t h r u s t  a q u i f e r  

s y s t e m s .  I n  g e n e r a l ,  I n t e r i o r  I n t r a b a s l n  g r o u n d  w a t e r  f l o w  

s y s t e m s  o c c u r  a b o v e  t h i s  b a r r i e r ,  a n d  I n t e r i o r  I n t e r b a s l n  

g r o u n d  w a t e r  f l o w  s y s t e m s  o c c u r  b e l o w  I t .  

T h e  p e r i p h e r y  t h r u s t  a n d  I n t e r i o r  a q u i f e r s  h a v e  m a n y  

c o m m o n  c h e m i c a l - p h y s i c a l  p r o p e r t i e s .  B o t h  a q u i f e r  g r o u p s  

h a v e  c a l c i u m - b i c a r b o n a t e  t y p e  w a t e r s  t h a t  a r e  n o n t h e r m a l  a n d  

l o w  I n  c a r b o n a t e  m i n e r a l  d i s s o c i a t i o n  p r o d u c t s ,  a n d  h a v e  l o w  

C a / M g  r a t i o s .  D e s p i t e  t h e s e  s i m i l a r i t i e s ,  t h e r e  a r e  

d i f f e r e n c e s  b e t w e e n  t h e  t w o  a q u i f e r  g r o u p s .  T h e  m o s t  

s i g n i f i c a n t  c h e m i c a l  d i f f e r e n c e  I s  t h e  d e g r e e  o f  s a t u r a t i o n  

w i t h  r e s p e c t  t o  c a l c l t e ;  d i s c h a r g e  w a t e r s  f r o m  t h e  p e r i p h e r y  

t h r u s t  a q u i f e r s  a r e  g e n e r a l l y  s a t u r a t e d ,  w h e r e a s  t h o s e  o f  t h e  

I n t e r i o r  a q u i f e r s  a r e  n o t .  D i s c h a r g e  v o l u m e s  a n d  

t e m p e r a t u r e s  a l s o  h e l p  d i s t i n g u i s h  b e t w e e n  t h e  t w o  g r o u p s .  

P e r i p h e r y  t h r u s t  s p r i n g s  h a v e  s l i g h t l y  g r e a t e r  d i s c h a r g e  

t e m p e r a t u r e s  a n d  g r e a t e r  d i s c h a r g e  v o l u m e s .  

D i s s o l u t i o n  o f  c a r b o n a t e  m i n e r a l s  g e n e r a l l y  o c c u r s  u n d e r  

o p e n  s y s t e m  c o n d i t i o n s .  M u c h  o f  t h e  r e c h a r g e  m a y  o c c u r  o n  

s t e e p e r  s l o p e s  w h e r e  t h e  r e s i d u a l  m a t e r i a l  I n  t h e  u n s a t u r a t e d  

z o n e  I s  r e l a t i v e l y  t h i n .  A  t h i n  l a y e r  o f  u n c o n s o l i d a t e d  
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m a t e r i a l  I n  t h e  u n s a t u r a t e d  z o n e  m a y  a l l o w  w a t e r  t o  m o v e  

f a i r l y  r a p i d l y  t h r o u g h  t h e  u n s a t u r a t e d  z o n e .  R a p i d  m o v e m e n t  

t h r o u g h  t h e  u n s a t u r a t e d  z o n e  w o u l d  r e s u l t  I n  t h e  w a t e r  o f  t h e  

s a t u r a t e d  z o n e  h a v i n g  a  l o w  c o n c e n t r a t i o n  o f  c a r b o n a t e  

d i s s o l u t i o n  p r o d u c t s  a n d  b e i n g  u n d e r  s a t u r a t e d  w i t h  r e s p e c t  t o  

c a l c l t e .  A  c o n s e q u e n c e  o f  t h i s  u n d e r s a t u r a t I  o n  a n d  t h e  

s h a l l o w  c i r c u l a t i o n  o f  t h e  p e r i p h e r y  t h r u s t  a n d  I n t e r i o r  

a q u i f e r s ,  w h i c h  l i m i t s  s i g n i f i c a n t  w a r m i n g  o f  t h e  g r o u n d  

w a t e r ,  I s  t h e  s u s t a i n e d  u n d e r s a t u r a t I  o n  o f  t h e  w a t e r  a l o n g  

t h e  f l o w  p a t h .  T r a v e r t i n e  d e p o s i t s  d o  n o t  d e v e l o p  b e c a u s e  t h e  

d i s c h a r g e  w a t e r s  a r e  u n d e r s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c l t e .  

M e a n  c a r b o n - 1 4  a g e s  o f  I n t e r i o r  I n t e r b a s l n  a n d  p e r i p h e r y  

t h r u s t  g r o u n d  w a t e r s  a r e  g e n e r a l l y  l e s s  t h a n  3 0 0  y e a r s ,  

a l t h o u g h  a  m e a n  a g e  o f  4 5 0  y e a r s  w a s  d e t e r m i n e d  f o r  t h e  

w a t e r s  o f  o n e  p e r i p h e r y  t h r u s t  s p r i n g .  A  m i x i n g  o f  r e c h a r g e  

w a t e r  c o n t a i n i n g  " b o m b "  c a r b o n  w i t h  o t h e r  r e c h a r g e  w a t e r s  I n  

t h e s e  a q u i f e r s  s u g g e s t s  t h a t  t h e  f l o w  s y s t e m s  a r e  n o t  

h y d r a u I  I c a I  I y  I s o l a t e d  a l o n g  t h e  e n t i r e  l e n g t h  o f  t h e i r  f l o w  

p a t h s .  

G r o u n d  w a t e r  f l o w  p a t t e r n s  o f  b o t h  g r o u p s  o f  a q u i f e r s  

a r e  p r i m a r i l y  b e d d i n g  p l a n e  c o n t r o l l e d .  D i s c h a r g e  l o c a t i o n s  

o f  t h e  I n t e r i o r  a q u i f e r s  a r e  t y p i c a l l y  a t  t h e  I n t e r s e c t i o n  o f  

a  t o p o g r a p h i c  l o w  a n d  a  b e d d i n g  s u r f a c e ,  a l t h o u g h  s o m e  

d i s c h a r g e  l o c a t i o n s  a r e  a l o n g  s h a l l o w  e x t e n s i o n  f a u l t s .  

S p l a y s  o f  t h e  M e a d e  t h r u s t  f a u l t  r e g u l a t e  t h e  d i s c h a r g e  

l o c a t i o n  o f  m a n y  p e r i p h e r y  t h r u s t  a q u i f e r s .  T h e s e  t h r u s t  
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s p l a y s  a p p e a r  j u x t a p o s e  s t r a t a  o f  d i f f e r i n g  h y d r a u l i c  

c o n d u c t i v i t i e s  a n d  t h u s  f o r m  h i g h  h y d r a u l i c  c o n d u c t i v i t y  

z o n e s  p a r a l l e l  t o  t h e  t h r u s t  s u r f a c e .  

P r o p o s e d  T h r e e  T i e r  G r o u n d  W a t e r  F I o w  M o d e  I  

T h i s  i n v e s t i g a t i o n  h a s  d o c u m e n t e d  t h e  o c c u r r e n c e  a n d  

f l o w  p a t t e r n s  o f  t h r e e  m a j o r  b e d r o c k  a q u i f e r s  s y s t e m s .  T h e s e  

s y s t e m s  a r e :  1 )  t h e  I n t e r i o r  a q u i f e r s  d e s c r i b e d  b y  W i n t e r  

( 1 9 7 9 )  a n d  o t h e r s ,  2 )  p r e v i o u s l y  u n d e s c r l b e d  s y s t e m  o f  

s h a l l o w  a q u i f e r s  a l o n g  t h e  e a s t e r n  a n d  s o u t h e r n  b o r d e r s  o f  

t h e  a l l o c h t h o n ,  a n d  3 )  t h e  d e e p  c i r c u l a t i n g  a q u i f e r s  w h i c h  

h a v e  b e e n  p o s t u l a t e d  b y  s o m e  p r e v i o u s  I n v e s t i g a t o r s .  

T h e  t h r e e  t i e r  m o d e l  p r o p o s e d  I n  t h i s  r e p o r t  

I n c o r p o r a t e s  t h e  t h r e e  m a j o r  a q u i f e r  s y s t e m s  d o c u m e n t e d  I n  

t h i s  r e p o r t  a n d  t h e  r e g i o n a l  h y d r a u l i c  b a r r i e r  f o r m e d  b y  t h e  

M e a d e  P e a k  P h o s p h a t l c  S h a l e  M e m b e r  o f  t h e  P h o s p h o r l a  

F o r m a t i o n  ( F i g u r e  I V - 2 0 ) .  T h e  t o p  t w o  t i e r s  d e s c r i b e  g r o u n d  

w a t e r  f l o w  p a t t e r n s  I n  t h e  M e a d e  t h r u s t  a l l o c h t h o n ,  a n d  a  

t h i r d ,  l o w e r  t i e r  d e s c r i b e s  t h e  p o s s i b l e  e x i s t e n c e  o f  v e r y  

d e e p  f l o w  s y s t e m s .  T i e r s  o n e  a n d  t w o  a r e  r e s t r i c t e d  t o  

b e d r o c k  a q u i f e r s  a n d  a r e  d e f i n e d  b y  t h e i r  r e l a t i v e  p o s i t i o n s  

t o  t h e  l o w  h y d r a u l i c  c o n d u c t i v i t y  z o n e  c r e a t e d  b y  t h e  M e a d e  

P e a k  P h o s p h a t l c  S h a l e  M e m b e r .  

T i e r  o n e  g r o u n d  w a t e r  f l o w  s y s t e m s  i n c l u d e  m o s t  a q u i f e r s  

w h i c h  d i s c h a r g e  a s  s p r i n g s  I n  t h e  I n t e r i o r  r e g i o n s  o f  t h e  

a l l o c h t h o n  a s  w e l l  a s  a  f e w  a q u i f e r s  w h i c h  d i s c h a r g e  a l o n g  
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T 1  

EXPLANATION 

G r o u n d  w a t e r  f l o w  d i r e c t i o n  

R e g i o n a l  h y d r a u l i c  b a r r i e r  

(Phosphor  I  a fm)  

Meade thrust  fau l t  

|  1  |  T i e r  o n e  

|  2  |  T i e r  t w o  

m  T i e r  t h r e e  

IX) 
o 

Elevation 
(meters) 

3000 
ASPEN RANGE SCHMID RIDGE 

-

WEBSTER RANGE 

Tier 3 (direction of f low unknown) 

EXTENSION FAULT 

MEADE THRUST FAULT 

10 15 
k m  

Figure IV-20. Postulated three tier ground water flow model in the Meade thrust area, 
southeastern Idaho. See Figure 34 for location. 



t h e  p e r i p h e r y  t h r u s t  s p l a y s .  A s  p r e v i o u s l y  m e n t i o n e d ,  t h e s e  

s y s t e m s  t e n d  t o  b e  s h a l l o w  t o  m o d e r a t e l y  d e e p  c i r c u l a t i n g ,  

I n t e r m e d i a t e  t y p e  f l o w  s y s t e m s .  F l o w  p a t h s  g e n e r a l l y  t e n d  t o  

f o l l o w  b e d l n g  p l a n e s  a n d  a r e  p e r p e n d i c u l a r  t o  t h e  f o l d  a x i a l  

t r a c e s .  F l o w  p a t h s  a r e  a l s o  p e r p e n d i c u l a r  t o  t h e  t r e n d  o f  

t h e  r i d g e  a n d  v a l l e y  s y s t e m ,  s i n c e  t o p o g r a p h i c  t r e n d s  a r e  

c o i n c i d e n t  w i t h  f o l d  t r e n d s .  

T w o  t i e r  o n e  s p r i n g s ,  A u b u r n  H a t c h e r y  ( 2 1 ) ,  a n d  S t a r  

V a l l e y  ( 2 4 ) ,  h a v e  b e e n  i d e n t i f i e d  I n  t h e  p e r i p h e r y  t h r u s t  

g r o u p .  T h e s e  s p r i n g s  d i s c h a r g e  a l o n g  t h e  n o r t h e r n  p o r t i o n  o f  

t h e  W e b s t e r  R a n g e  w h e r e  e r o s i o n  h a s  n o t  e x p o s e d  t h e  u p p e r  

P a l e o z o i c  f o r m a t i o n s .  I t  I s  u n c e r t a i n  I f  t h e  t w o  s p r i n g s  

d i s c h a r g e  f r o m  t h e  s a m e  a q u i f e r .  T h e  s y s t e m ( s )  a r e  r e c h a r g e d  

a t  h i g h e r  e l e v a t i o n s  I n  t h e  W e b s t e r  R a n g e .  T h e  d i s c h a r g e  

w a t e r s  a r e  s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c i t e ,  s u g g e s t i n g  

d e e p e r  c i r c u l a t i n g  f l o w  p a t h s  t h a n  m o s t  I n t e r b a s l n  s y s t e m s ;  

h o w e v e r ,  b o m b  c a r b o n  I d e n t i f i e d  I n  t h e  d i s c h a r g e  w a t e r  

s u g g e s t s  t h e  a q u l f e r ( s )  a r e  n o t  c o n t i n u o u s l y  h y d r a u I  I c a I  I y  

I s o l a t e d  f r o m  t h e  s u r f a c e  a l o n g  t h e  f l o w  p a t h .  

T i e r  t w o  g r o u n d  w a t e r  f l o w  s y s t e m s  I n c l u d e  a  f e w  

a q u i f e r s  w h i c h  d i s c h a r g e  a s  s p r i n g s  I n  t h e  I n t e r i o r  r e g i o n s  

o f  t h e  a l I o c h t h o n ,  m o s t  a q u i f e r s  w h i c h  d i s c h a r g e  a s  s p r i n g s  

a l o n g  p e r i p h e r y  t h r u s t  s p l a y s  a n d  a l l  a q u i f e r s  w h i c h  

d i s c h a r g e  a l o n g  p e r i p h e r y  e x t e n s i o n  f a u l t s .  
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I n t e r i o r  d i s c h a r g i n g  t i e r  t w o  a q u i f e r s  h a v e  f l o w  

p a t t e r n s  s i m i l a r  t o  t h e  i n t r a b a s l n  a n d  I n t e r b a s l n  t y p e s  o f  

t i e r  o n e .  T h e s e  a q u i f e r s  h a v e  v e r y  s h o r t  f l o w  p a t h s  a n d  

t h e i r  w a t e r s  c i r c u l a t e  s h a l l o w l y .  P e r i p h e r y  d i s c h a r g i n g  t i e r  

t w o  a q u i f e r s  m a y  b e  d i v i d e d  I n t o  w e s t  a n d  e a s t  l o b e s .  T h e  

w e s t  l o b e  I n c l u d e s  a l l  a q u i f e r s  d i s c h a r g i n g  a s  p e r i p h e r y  

e x t e n s i o n  s p r i n g s  a n d  t h e  e a s t  l o b e  I n c l u d e s  t h e  p e r i p h e r y  

t h r u s t  a q u i f e r s  s u p p o r t e d  b y  t h e  u p p p e r  P a l e o z o i c  f o r m a t i o n s .  

B o t h  l o b e s  h a v e  b e e n  f u r t h e r  d i v i d e d  I n t o  s u b l o b e s  o n  t h e  

b a s i s  o f  s i m i l a r  g e o l o g i c  a n d  h y d r o l o g l c  c h a r a c t e r i s t i c s  a n d  

p r o b a b l y  s i m i l a r i t i e s  i n  f l o w  d i r e c t i o n s .  

D e t e r m i n a t i o n s  o f  f l o w  p a t h  d i r e c t i o n s  a n d  r e c h a r g e  

a r e a s  a r e  h a m p e r e d  b y  t h e  c o m p l e x  f o l d i n g  a n d  f a u l t i n g  a n d  

t h e  a b s e n c e  o f  p o t e n t i o m e t r I c  d a t a .  I t  I s  p o s s i b l e ,  h o w e v e r ,  

t o  s p e c u l a t e  a b o u t  s o m e  f l o w  d i r e c t i o n s  a n d  r e c h a r g e  a r e a s  b y  

m a k i n g  t w o  a s s u m p t i o n s :  1 )  t h e  b e d d i n g  p l a n e  f l o w  p a t h  

c o n t r o l  m e c h a n i s m  w h i c h  d o m i n a t e s  t i e r  o n e  s y s t e m s  a l s o  

d o m i n a t e s  t i e r  t w o ,  a n d  2 )  t h e  d e e p  g e o l o g i c  s t r u c t u r e  

s e c t i o n s  p u b l i s h e d  o n  t h e  a r e a  a r e  r e a s o n a b l y  a c c u r a t e .  

U s i n g  t h e s e  a s s u m p t i o n s ,  p r o b a b l e  f l o w  d i r e c t i o n s  o f  t h e  

s u b t l e r s  w e r e  d e v e l o p e d  a n d  a r e  s h o w n  d  I  a g r a m m a t I c a I  I y  I n  

F i g u r e s  I  V — 2  0  a n d  I  V  —  2 1 .  T h e  d e g r e e  o f  c e r t a i n t y  o f  t h e  

s u g g e s t e d  f l o w  d i r e c t i o n s  a n d  r e c h a r g e  a r e a s  v a r i e s  

s u b s t a n t i a l l y .  A  h i g h e r  d e g r e e  o f  c e r t a i n t y  m a y  b e  a s s i g n e d  

I n  s o u t h e r n  p o r t i o n  o f  t h e  a l l o c h t h o n  t h a n  I n  t h e  n o r t h e r n  
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Figure IV-21. Postulated ground water flow directions in tier 
two. Flow directions of tier two aquifers which 
discharge in the interior of the Meade thrust 
allochthon are not shown. See text for descrip­
tion of sublobes. Structure section X - X' is 
shown on Figure 33. Dotted line shows approximate 
sublobe boundaries. 
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p o r t i o n .  I n  t h e  s o u t h e r n  p o r t i o n ,  f o l d i n g  i s  t h e  s u b s u r f a c e  

s t r u c t u r e ,  w h e r e a s  f a u l t i n g  i s  m o r e  p r o n o u n c e d  I n  t h e  

n o r t h e r n  p o r t i o n .  P o t e n t i a l  r e c h a r g e  a r e a s  a r e  r e s t r i c t e d  

t o  o u t c r o p s  o f  t h e  u p p e r  P a l e o z o i c  f o r m a t i o n s  o r  a r e a s  w h e r e  

s o i l ,  a l l u v i u m ,  e t c . ,  c o v e r  t h e s e  f o r m a t i o n s .  

T h e  w e s t e r n  l o b e  h a s  b e e n  d i v i d e d  I n t o  t h r e e  s u b l o b e s ,  

t h e  s o u t h e r n ,  H e n r y ,  a n d  n o r t h e r n ;  t h e  e a s t e r n  l o b e  h a s  b e e n  

d i v i d e d  I n t o  t h e  n o r t h e r n  a n d  s o u t h e r n  s u b l o b e s .  

C h a r a c t e r i s t i c s  o f  t h e  s u b l o b e s  a r e  d e s c r i b e d  b e l o w :  

L o b e  S u b  I o b e  

W e s t  S o u t h e r n  

S p r i n g  
ID f  

3 - 9  

H e n r y  1 0 - 1  5  

N o r t h e r n  2 , 1 6 ,  
1  7  

C h a r a c t e r  I s t I c s  

D i s c h a r g e  f r o m  t h e  A s p e n  R a n g e  
f r o n t a l  f a u l t  s y s t e m ;  l a r g e  
s t o r a g e  c a p a c i t y  a q u i f e r s  h a v i n g  
I n d i v i d u a l  d i s c h a r g e s  u p  t o  6 2 5  
l / s e c ;  d i s c h a r g e  t e m p e r a t u r e s  
r a n g e  f r o m  9 °  t o  1 7 ° C ;  e x t e n s i v e  
t r a v e r t i n e  d e p o s i t s ;  c o m m o n  
d i s c h a r g e  h e a d  o f  1 9 0 5  m ;  
r a d i o c a r b o n  a g e  a b o u t  1 5 , 0 0 0  
y e a r s ;  p r o b a b l e  r e c h a r g e  I n  t h e  
I n t e r i o r  v a l l e y s  a n d  v a l l e y s  I n  
e a s t e r n  A s p e n  R a n g e ;  t o t a l  
e s t i m a t e d  d i s c h a r g e  a b o u t  1 1 0 0  
I / s e c .  

D i s c h a r g e  r e l a t e d  t o  H e n r y  f a u l t ;  
s t o r a g e  c a p a c i t y  u n k n o w n ;  
d i s c h a r g e  v o l u m e s  u p  t o  8 8  l / s e c ;  
d i s c h a r g e  t e m p e r a t u r e s  r a n g e  f r o m  
1 5 °  t o  2 6 ° C ;  m a s s i v e  c o m m o n  
t r a v e r t i n e  a r e a ;  c o m m o n  d i s c h a r g e  
h e a d  o f  1 9 0 5  m ;  r a d i o c a r b o n  a g e  
a b o u t  2 0 , 0 0 0  y e a r s ;  r e c h a r g e  a r e a  
u n k n o w n ;  t o t a l  e s t i m a t e d  d i s c h a r g e  
a b o u t  2 2 5  l / s e c .  

I s o l a t e d  a q u i f e r s  d i s c h a r g i n g  
u n c o n n e c t e d  e x t e n s i o n  f a u l t s ;  
d i s c h a r g e  v o l u m e s  u p  t o  2 4 6  l / s e c ;  
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s t o r a g e  c a p a c t t l e s  v a r y ;  
d i s c h a r g e  t e m p e r a t u r e s  1 9 °  t o  
2 0 ° C ;  s o m e  w i t h  e x t e n s i v e  
t r a v e r t i n e  d e p o s i t s ;  o t h e r s  
w i t h o u t  t r a v e r t i n e ;  r a d i o c a r b o n  
a g e  d a t e d  a t  a b o u t  1 , 8 0 0  a n d  
1 3 , 0 0 0  y e a r s ;  r e c h a r g e  a r e a s  
u n k n o w n ;  t o t a l  e s t i m a t e d  d i s c h a r g e  
4 2 5  l / s e c .  

E a s t  S o u t h e r n  1 8 , 1 9 ,  D i s c h a r g e  l o n g  s p l a y s  o f  M e a d e  
2 0  t h r u s t ;  d i s c h a r g e  v o l u m e s  u p  t o  

4 4 8  l / s e c ;  d i s c h a r g e  t e m p e r a t u r e s  
7 °  t o  8 ° C ;  b o m b  c a r b o n  I d e n t l f e d  
I n  r a d i o c a r b o n  a n a l y s i s  -  o l d e s t  
g r o u n d  w a t e r  a g e  e s t i m a t e d  a t  3 0 0  
t o  4 5 0  y e a r s ;  n o  r e c e n t  t r a v e r t i n e  
a n d  o n l y  m i n o r  o l d e r  t r a v e r t i n e ;  
p r o b a b l e  r e c h a r g e  a r e a s  I n  
s o u t h e r n  A s p e n  R a n g e  a n d  s o u t h e r n  
D r y  R i d g e ;  t o t a l  e s t i m a t e d  
d i s c h a r g e  9 0 0  l / s e c .  

N o r t h e r n  2 0 , 2 3 ,  D i s c h a r g e  a l o n g  s p l a y s  o f  M e a d e  
2 5 , 2 6 ,  t h r u s t  a n d  t h r u s t  f a u l t  b o u n d  
2 9  s l i c e s  o f  s t r a t a ;  d i s c h a r g e  

v o l u m e s  u p  t o  2 4 6  l / s e c ;  
d i s c h a r g e  t e m p e r a t u r e  u p  t o  1 2 ° C ;  
o l d e s t  r a d i o c a r b o n  a g e  4 5 0  y e a r s  

b o m b  c a r b o n  I d e n t i f i e d  I n  m o s t  
a n a l y s e s ;  r e c h a r g e  a r e a  I n  
W e b s t e r  R a n g e ;  t o t a l  e s t l - m a t e d  
d i s c h a r g e  9 0 0  t o  1 2 0 0  l / s e c .  

T i e r  t h r e e  h a s  b e e n  I d e n t i f i e d  l a r g e l y  b y  I n t e r f e r e n c e .  

D i a g n o s t i c  t h e r m o c h e m i c a I  c h a r a c t e r i s t i c s  o f  w a t e r  

c i r c u l a t i n g  d e e p l y  I n  t h e  l o w e r  p l a t e  h a v e  n o t  b e e n  d e t e c t e d  

I n  a n y  t i e r  o n e  o r  t i e r  t w o  w a t e r s .  B e c a u s e  t h e  

a  I  I o c h t h o n o u s  f o r m a t i o n s  a n d  a d j a c e n t  f o r m a t i o n s  a r e  

r e p e a t e d  I n  t h e  l o w e r  p l a t e .  I t  I s  r e a s o n a b l e  t o  e x p e c t  t h e  

l o w e r  p l a t e  s t r a t a  t o  c o n t a i n  g r o u n d  w a t e r  f l o w  s y t e m s .  O i l  

a n d  g a s  e x p l o r a t i o n  b o r e h o l e s  h a v e  e n c o u n t e r e d  g r o u n d  w a t e r s  
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w i t h  t e m p e r a t u r e s  a b o v e  1 0 0 ° C  b e l o w  t h e  M e a d e  t h r u s t .  T h e s e  

t e m p e r a t u r e s  c o n f i r m  t h e  e x i s t e n c e  o f  f l o w  s y s t e m s  I n  t h e  

l o w e r  p l a t e  s t r a t a ,  b u t  p r o v i d e  l i t t l e  I n f o r m a t i o n  

c o n c e r n i n g  t h e i r  f l o w  d i r e c t i o n s  o r  o t h e r  c h a r a c t e r i s t i c s .  

1 +  I s  l i k e l y  t h a t  g r o u n d  w a t e r  m o v e m e n t  a n d  r e c h a r g e  a n d  

d i s c h a r g e  v o l u m e s  I n  t h i s  t i e r  a r e  v e r y  s m a l l .  
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C H A P T E R  V  

H Y D R O G E O L O G I C  R E C O N N A I S S A N C E  O F  T H E  S O U T H E R N  S U B A R E A  

Inlroduct Iflja 

T h i s  p o r t i o n  o f  t h e  s t u d y  I s  a  h y d r o g e o I o g I c a  I  

r e c o n n a i s s a n c e  o f  t h e  r e g i o n  b o r d e r e d  r o u g h l y  b y  t h e  

B l a c k f o o t  R i v e r  o n  t h e  n o r t h .  C a c h e  V a l l e y  o n  t h e  w e s t  a n d  

t h e  I d a h o  s t a t e  l i n e  o n  t h e  s o u t h  a n d  e a s t  ( F i g u r e s  1 - 1  a n d  

V —  1  .  T h e  s t u d y  a r e a  e n c o m p a s s e s  a p p r o x i m a t e l y  4 , 7 0 0  s q u a r e  

k i l o m e t e r s  I n  p a r t s  o f  B e a r  L a k e ,  C a r i b o u ,  a n d  F r a n k l i n  

c o u n t i e s ,  I d a h o .  

T h e  s o u t h e r n  s u b a r e a  I s  c h a r a c t e r i z e d  b y  n o r t h  a n d  

n o r t h w e s t  t r e n d i n g  m o u n t a i n  r a n g e s  a n d  v a l l e y s .  T h e  

p r i n c i p l e  m o u n t a i n  r a n g e s  I n  t h e  s t u d y  a r e a  a r e  t h e  B e a r  

R i v e r  R a n g e  t r e n d i n g  n o r t h - s o u t h  f r o m  S o d a  S p r i n g s  I n t o  

U t a h ,  a n d  t h e  C h e s t e r f i e l d  R a n g e  t r e n d i n g  n o r t h w e s t  f r o m  

S o d a  S p r i n g s  t o  t h e  B l a c k f o o t  R i v e r .  T h e  P o r t n e u f  R a n g e  

j o i n s  t h e  B e a r  R i v e r  R a n g e  I n  a  h i l l y  r e g i o n  o n  t h e  w e s t e r n  

s i d e  o f  t h e  s t u d y  a r e a .  

E l e v a t i o n  g e n e r a l l y  i n c r e a s e s  f r o m  t h e  s o u t h w e s t  t o  t h e  

e a s t  a n d  n o r t h e a s t .  T h e  l o w e s t  e l e v a t i o n  I s  a b o u t  1 , 3 9 5  m  

n e a r  F r a n k l i n  I n  t h e  s o u t h w e s t  c o r n e r ,  a n d  t h e  h i g h e s t  

e l e v a t i o n  I s  2 , 9 9 8  m  a t  t h e  s u m m i t  o f  S h e r m a n  P e a k  I n  t h e  

n o r t h e r n  B e a r  R i v e r  R a n g e .  L o c a l  r e l i e f s  o f  3 0 0  t o  6 0 0  m  a r e  

c o m m o n  I n  t h e  a r e a .  
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Figure V-l. Location map of study area in southeastern Idaho. 
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Geologic ifllling 

The s tudy area l ies  in  a reg ion of  southeastern Idaho 

t h a t  i s  t r a n s i t i o n a l  b e t w e e n  t h e  B a s i n  a n d  R a n g e  a n d  M i d d l e  

R o c k y  M o u n t a i n s  P h y s i o g r a p h i c  P r o v i n c e s .  I t  c o n s i s t s  

p r i m a r i l y  o f  w i d e ,  d e e p l y - f i l l e d  I n t e r m o n t a n e  b a s i n s  

( g r a b e n s )  s e p a r a t i n g  f o l d e d ,  b l o c k - f a u l t e d  r a n g e s  ( h o r s t s ) .  

The Bear  R iver  Range and Chester f ie ld  Range combine to  

f o r m  a  m a j o r  n o r t h - n o r t h w e s t  t r e n d i n g  h o r s t .  T h e  P a r i s  

th rust ,  t rend ing nor th-south on the eastern s ide of  the Bear  

R i v e r  R a n g e  I s  t h e  f i r s t  o f  t h e  s e r i e s  o f  g r e a t  t h r u s t  f a u l t s  

t h a t  c o m p r i s e  t h e  o v e r t h r u s t  b e l t  t o  t h e  e a s t .  T h e  r o c k s  o f  

t h e  o v e r t h r u s t  b e l t  h a v e  i n t e n s e  f o l d s ,  m a n y  o f  w h i c h  a r e  

o v e r t u r n e d  t o  t h e  e a s t  a n d  a r e  c u t  b y  y o u n g e r  t h r u s t  f a u l t s  

o f  g r e a t  l e n g t h  a n d  d i s p l a c e m e n t .  I n  t h e  B e a r  R i v e r  R a n g e  

a n d  t o  t h e  w e s t ,  f o l d i n g  d e c r e a s e s  i n  i n t e n s i t y  a n d  

f r e q u e n c y ,  a n d  n o r m a l  f a u l t i n g  I n c r e a s e s  ( K e l l e r ,  1 9 6 3 ) .  

T h e  P o r t n e u f  R a n g e  j o i n s  t h e  B e a r  R i v e r  R a n g e  i n  a n  

I n t e n s e l y  f a u l t e d ,  h i l l y  d i v i d e  I n  t h e  s o u t h w e s t e r n  p o r t i o n  

o f  t h e  s t u d y  a r e a .  

S t r a t i g r a p h  I  c  u n i t s  r e c o g n i z e d  I n  s o u t h e a s t e r n  I d a h o  

s p a n  I n  a g e  f r o m  P r e c a m b r i a n  t o  R e c e n t  a n d  a r e  d e s c r i b e  I n  

T a b l e  V - 1 .  P r e c a m b r i a n  m e t a s e d I m e n t s  o u t c r o p  i n  a  f e w  

i s o l a t e d  l o c a t i o n s  i n  t h e  s o u t h w e s t e r n  c o r n e r  o f  t h e  s t u d y  

a r e a  ( F i g u r e  V - 2 ) .  L o w e r  P a l e o z o i c  m a r i n e  s e d i m e n t s  a r e  t h e  

most  ex tens ive rocks In  the s tudy area and compr ise most  o f  
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Table V-l. Stratigraphic column for Bear River Range and surrounding 
areas, southeastern Idaho. 

Systeir Symbol Group O' Formatior 
Thickness 

(m) Lithology 

Quaternary 

Tertiary-

Upper 
Jurassic 

Middle 
Jurassic 

Lower 
Jurassic 

Upper Triassic 

Lower Triassic 

Qal 
Otc 
Qls 
0' 
Qc 
Qdm 

Qtr 

Qb 

Qbc 

Qmc 

Q t  

Qpb 

Qbc 

Qtr 

Js 

Jp 

Jsp 

Jtc 

Jn 

Tra 

Trt 

Stream alluviur 
Terrace "rave's 
Landsl ide deb " is  
Alluvail far oecos'ts 
Col 1uviJT 

Diamicf. te 

Travertine 

Gentile Valley Group 
Gem Valley basalt 

Basalt cinders 

Main Carvor forrr.ation 

Lake Bonneville G"OJO 
Prove formatio-

0-100 

0-1000(7) 

0-20 

0-30 

Pink silt 

Bonnev.iile and Alpine 
formations, undiffe"-
entiatec 

Rnyolite Comes 

Salt Lake for r .a t i : . - '  

Wasatch formation 

Stump formation 

Pruess formation 

Stump/Pruess formations, 
undifferentiated 

Twin Creek formation 

Nugget formation 

Ankareh formation 

Thaynes fOTatio" 

0-30 

0-3000(7) 

0-450 

50-100 

0-200 

200-500 

100-500 

90-200 

250-300 

100-400 

Unconsolidated, well to poorly sorted, 
gravel, sand, silt, and clay-

Dark gray, vesicular, porphyritic, 
massive olivine basalt 
Loose scoriaceous red-weathering 
cinders 
Poorly consolidated silt and marl, 
grades into sand and gravel 

Unconsolidated gravel and sand 
deposited along shoreline of Lake 
Bonneville in the Prove stage 

Unconsolidated, thinly bedded silt 
and clay in deeper parts of Lake 
Bonneville 

Poorly consolidated gravel and sane 
deposited along shoreline ;f i.eke 
Bonneville in the Alpine and 
Bonneville stages 

Tan-weathering, partly devitrified 
glass. Quaternary anc Tertiary 

Conglomerate, volcanic ash, marl, cal­
careous clay, and sandstone 

Red conglomerate and sandstone inter-
bedded with tan limestone 

Gray-green silty limestone, calcareous 
si Its tone and sandstone 

Red shaley sandstone and siltstone 

Dark-gray shaley limestone, oolitic 
limestone and siltstone 

Reddish-brown, well-sorted, fine­
grained sandstone 

Red calcareous shale and siltstone 

Upper Member, gray limestone inter-
bedded with brownish-gray siltstone; 
Middle Member, brownish-gray siltstone 
and silty limestone; Lower Member, 
black to gray shale ana siltstone 

Reddisn-browr siltstone and shale 
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T a b l e  V - l .  C o n t i n u e d .  

System Symbol Group or Formation 
Thickness 
(m) Lithology 

Lower Trlasslc Trd 
(cont'd) 

Olnwoody formation 100-600 

Permian Pp Phosphorla formation 70-100 

Pennsylvanlan PPw Wells formation 

Mississippian 

Silurian 

Upper 
Ordovician 

Middle 
Ordovician 

Lower 
Ordovician 

Upper 
Cambrian 

Middle 
Cambrian 

Mm 

Ml 

Upper Devonian Ob 

Middle Devonian Dh 

Obh 

SI 

Of 

Osp 

Ogc 

6sc 

Gn 

Gbo 

Mission Canyon 
formation 

Lodgepole formation 

Beirdneau formation 

Hyrum formation 

Beirdneau/Hyrum, 
undifferentiated 

Laketown formation 

Fish Haven formation* 

Swan Peak formation* 

Garden City 
formation* 

Saint Charles 
formation* 

Nounan formation* 

Bloomington formation* 

300-900 

300-800 

200-400 

200-275 

350-500 

300-400 

80-150 

200-300 

350-400 

300-550 

200-300 

250-300 

Gbl Blacksmith formation* 270-400 

6u Ute formation* 100-200 

Upper Member, gray limestone inter-
bedded with olive-brown siltstone; 
Lower Member, olive-brown calcareous 
si Its tone interbedded with gray 
1imestone 

Rex Chert Member, black to white chert 
interbedded with black cherty mudstone; 
Phosphatic Shale Member, dark-brown to 
black mudstone, limestone and oolitic 
phosphate rock 

Upper Member, light-gray to reddish-
brown sandstone interbedded with light 
brown limestone; Lower Member, gray 
limestone and silty limestone with 
interbedded sandstone 

Light- to dark-gray cherty limestone 
and dolomite 

Dark-gray limestone and dolomite 

Gray and tan dolomite and sandy dolo­
mite with pink sandstone and gray 
limestone in lower part 

Light- to dark-gray, finely crystal-
1ine dolomite 

Very light- to medium-gray, finely 
crystalline dolomite 

Dark-gray dolomite with interbeds of 
light-gray dolomite and dark-gray 
chert 

White, tan, and pink, well sorted, 
well rounded fine- to medium-grained 
quartzite 

Medium-gray, medium crystalline dolo­
mite and dark-gray chert with dark-
gray limestone in lower part 

Medium-gray medium crystalline lime­
stone with interbeds of chert and 
conglomerate 

Gray and blue-gray domomite and dark-
gray silty limestone and sandstone 

Green shaley micaceous mudstone with 
interbeds of brown siltstone, sand­
stone and limestone 

Medium-gray to buff, finely to coarsely 
crystalline limestone 

Medium-gray limestone with interbeds of 
shale and silt' 
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Table V-l. Continued. 

System Symbol Group on Formation 
Thickness 

(m) Lithology 

Middle 
Cambrian 

El 

6u" 

Langstor formatio-* 

Ute/^ancston formations, 
undifferentiated 

100-120 Light-gray coarsely-crystalline dolo­
mite with interbeds of dark-gray 
1 imestone 

Lower 
Cambrian 

69 Brignam formation* 3000* White, buff, purple, and pink, poorly 
sorted quartzite with interbeds of 
conglomerate and phylite 

Pre-Cambri an PBQI 
and 
pEq 

Ouartzite and limestone ? Mainly gray, pink, and green, poorly 
sorted quartzite, and thin, dark-gray 
limestone units 

pEmd Metadiabase 7 Medium- to coarsely-crystalline 
diabase with alabitized plagicclase 
and actinolite in chloritic matrix 

pCmg 
and 
pEs 

Metagraywacke and shale 7 Very poorly sorted detritai rock with 
clasts of quartz and feldspar in 
chloritic matrix 

* Principle Pre-Tertiary formation in study area 

(Arrigo, 1982; Cressman and Gulbrandsen, 1955; Hubbell, 1982; Jobin and Schroeder, 1964a; Mansfield. 1327 
Oriel, 1968; Oriel and Lucian, 1980; Oriel and Piatt, 1968, 1980; Pampeyan and others, 1967; Staatz and" 
Albee, 1966; 
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t h e  B e a r  R i v e r  a n d  P o r + n e u f  R a n g e s .  T h e s e  r o c k s  p r o b a b l y  

c o m p r i s e  t h e  b a s e m e n t  r o c k s  o f  t h e  C a c h e  a n d  G e m  V a l l e y s .  

U p p e r  P a l e o z o i c  a n d  M e s o z o l c  r o c k s  o c c u r  I n  t h e  n o r t h e r n  

p a r t  a n d  t o  t h e  e a s t  o f  t h e  s t u d y  a r e a .  T e r t i a r y  s t r a t a  

c o n s i s t i n g  o f  s e m i - c o n s o l i d a t e d  t o  u n c o n s o l i d a t e d  

c o n g l o m e r a t e s ,  s a n d s t o n e s ,  a n d  s l l t s t o n e s  f i l l  t h e  

I n t e r m o n t a n e  b a s i n s  a n d  c o v e r  s o m e  h i g h e r  a r e a s .  Q u a t e r n a r y  

a l l u v i u m ,  c o l l u v l u m ,  b a s a l t s  a n d  r h y o l l t e s  c o m p r i s e  a  m a j o r  

p o r t i o n  o f  t h e  s u r f i c l a l  g e o l o g y .  E x t e n s i v e  f i n e - g r a i n e d  

l a c u s t r i n e  s e d i m e n t s  c o v e r  t h e  s u r f a c e  I n  t h e  s o u t h e r n  

p o r t i o n  o f  t h e  G e m  V a l l e y  a n d  i n  C a c h e  V a l l e y  f r o m  

P l e i s t o c e n e  l a k e s  T h a t c h e r  a n d  B o n n e v i l l e ,  r e s p e c t i v e l y  

( B r i g h t ,  1 9 6 0  a n d  1 9 6 3 ) .  

T h e  h o r s t  a n d  g r a b e n  s t r u c t u r e s  o f  t h i s  r e g i o n  h a v e  

p r o d u c e d  r a n g e s  a n d  b a s i n s  c o m p r i s e d  o f  d i f f e r e n t  l l t h o l o g l e s  

a n d  s t r u c t u r e s .  T h e s e  h o r s t s  a n d  g r a b e n s  I n c l u d e  t h e :  1 )  

B e a r  R i v e r  R a n g e  h o r s t ,  2 )  P o r t n e u f  R a n g e  h o r s t ,  3 )  

C h e s t e r f i e l d  R a n g e  h o r s t ,  4 )  B e a r  R i v e r  V a l l e y  g r a b e n ,  5 )  G e m  

V a l l e y  g r a b e n ,  a n d  6 )  C a c h e  V a l l e y  g r a b e n .  T h e  g e o l o g y  o f  

t h e s e  u n i t s  I s  d e s c r i b e d  I n  t h e  f o l l o w i n g  p a r a g r a p h s .  

T h e  B e a r  R i v e r  R a n g e  I s  b o u n d e d  o n  t h e  e a s t  a n d  w e s t  b y  

B e a r  L a k e  a n d  B e a r  R i v e r  V a l l e y s ,  o n  t h e  s o u t h  b y  C a c h e  

V a l l e y  a n d  o n  t h e  n o r t h  b y  G e m  V a l l e y .  A n  e a s t - w e s t  h i l l y  

d i v i d e  n o r t h  o f  t h e  v i l l a g e  o f  M i n k  C r e e k  J o i n s  t h e  B e a r  

R i v e r  a n d  P o r t n e u f  R a n g e s .  T h e  B e a r  R i v e r  R a n g e  I s  w a  d e e p l y  

e r o d e d ,  s y n c l i n a l ,  k a r s t  p l a t e a u ,  w i t h  w i d e  b a s i n s  a n d  



o c c a s i o n a l  r i d g e s  a n d  p e a k s  o n  t o p "  ( K e l l e r ,  1 9 6 3 ,  p .  6 0 ) .  

T h e  r a n g e  c o n s i s t s  m o s t l y  o f  C a m b r i a n  t o  O r d o v l c l a n  m a r i n e  

s e d i m e n t s  o f  t h e  F i s h  H a v e n  s y n c l i n e .  

T h e  p o r t i o n  o f  t h e  P o r t n e u f  R a n g e  w i t h i n  t h e  s t u d y  a r e a  

I s  b o r d e r e d  b y  t h e  C a c h e  V a l l e y  t o  t h e  s o u t h  a n d  G e n t i l e  a n d  

M o u n d  V a l l e y s  t o  t h e  n o r t h e a s t .  N o r t h  o f  t h e  j u n c t i o n  w i t h  

t h e  B e a r  R i v e r  R a n g e ,  t h e  P o r t n e u f  R a n g e  I s  c o m p o s e d  o f  

r e l a t i v e l y  s i m p l e ,  f a u l t e d  h o m o c l i n e s  o f  l o w e r  P a l e o z o i c  

r o c k s  d i p p i n g  g e n e r a l l y  t o  t h e  n o r t h e a s t .  A t  t h e  r a n g e  

j u n c t i o n ,  t h e  s t r u c t u r e  I s  c o m p l e x  w i t h  a  v e r y  h i g h  I n t e n s i t y  

o f  n o r m a l  a n d  r e v e r s e  f a u l t s .  P r e c a m b r l a n  m e t a s e d I m e n t s  

o u t c r o p  i n  s e v e r a l  l o c a l i t i e s  I n  t h i s  a r e a .  

B e a r  R i v e r  V a l l e y  i s  a  l o n g  n a r r o w  g r a b e n  e x t e n d i n g  

f r o m  B e a r  L a k e  n o r t h  t o  n e a r  t h e  B l a c k f o o t  R e s e r v o i r .  I t  i s  

b o r d e r e d  o n  t h e  e a s t  b y  a  h i g h  a n g l e  n o r m a l  f a u l t  e x t e n d i n g  

I n  l e n g t h  a t  l e a s t  9 0  k m .  T h e  c h a r a c t e r i s t i c s  o f  t h e  

w e s t e r n  b o r d e r  o f  t h e  g r a b e n  a r e  u n c e r t a i n .  K e l l e r  ( 1 9 6 3 )  

c a l l s  t h e  B e a r  R i v e r  V a l l e y  a  h a l f - g r a b e n  d o w n d r o p p e d  o n  t h e  

e a s t  s i d e  b y  t h e  E a s t  B e a r  L a k e  f a u l t  a n d  w i t h  t h e  b e d r o c k  

u n b r o k e n  b y  n o r m a l  f a u l t i n g  o n  t h e  w e s t  s i d e .  W l t k i n d  

( 1 9 7 5 )  s h o w s  t h e  w e s t e r n  b o r d e r  o f  t h e  g r a b e n  a s  a n  e n  

e c h e l o n  s e r i e s  o f  s h o r t ,  h i g h - a n g l e  n o r m a l  f a u l t s .  

T h e  g r a b e n  i s  f i l l e d  p r e d o m i n a n t l y  w i t h  s e d i m e n t s  o f  t h e  

T e r t i a r y  S a l t  L a k e  G r o u p .  T h e  s u r f a c e  o f  t h e  v a l l e y  f r o m  

s e v e r a l  k i l o m e t e r s  s o u t h  o f  t h e  t o w n  o f  S o d a  S p r i n g s  
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n o r t h w a r d  i n t o  t h e  B l a c k f o o t  L a v a  F i e l d  i s  c o v e r e d  

p r e d o m i n a n t l y  w i t h  Q u a t e r n a r y  b a s a l t .  A n  a r e a  o f  h i g h  

m a g n e t i c  I n t e n s i t y  a b o u t  1  5 5 0  m  ( 5 , 0 0 0  f t )  d e e p  n e a r  C h i n a  

H a t ,  s h o w n  o n  F i g u r e  V - 2 ,  I n d i c a t e s  a  p o s s i b l e  d e e p  

I n t r u s i v e  b o d y  r e l a t e d  t o  t h e  b a s a l t  v e n t s  o n  t h e  B l a c k f o o t  

L a v a  F i e l d  ( A r m s t r o n g ,  1 9 6 9 ;  M a b e y  a n d  O r i e l ,  1 9 7 0 ) .  T h e  

s u r f a c e  I n  t h e  s o u t h e r n  p o r t i o n  o f  t h e  v a l l e y  I s  c o v e r e d  

p r e d o m i n a n t l y  b y  Q u a t e r n a r y  c o l l u v l a l ,  f l u v i a l ,  a n d  

l a c u s t r i n e  s e d i m e n t s .  

G e m  V a l l e y  g r a b e n  I s  b o r d e r e d  o n  t h e  e a s t  b y  t h e  E a s t  

G e m  V a l l e y  f a u l t ,  a  h i g h  a n g l e  n o r m a l  f a u l t  e x t e n d i n g  a b o u t  

5 0  k m ,  a n d  o n  t h e  w e s t  b y  t h e  W e s t  G e m  V a l l e y  f a u l t  e x t e n d i n g  

a b o u t  4 0  k m  ( W l t k l n d ,  1 9 7 5 ) .  G e m  V a l l e y  I s  a l m o s t  e n t i r e l y  

c o v e r e d  w i t h  Q u a t e r n a r y  b a s a l t s  w h i c h  a r e  t h i n  n e a r  t h e  e d g e s  

a n d  t h i c k e n  t o  a b o u t  6 2 0  m  I n  t h e  c e n t e r .  G r a v i t y  l o w s  

s o u t h  o f  t h e  t o w n  o f  G r a c e  s u g g e s t  l i g h t  r o c k s ,  p r o b a b l y  

T e r t i a r y  s e d i m e n t s ,  a b o u t  2 , 5 0 0  m  t h i c k  ( M a b e y  a n d  O r i e l ,  

1 9 7 0 ) .  

T h e  n o r t h e r n  C a c h e  V a l  l e y  I s  a  c o m p l e x  h a l f  g r a b e n  

b o u n d e d  o n  t h e  e a s t  b y  t h e  E a s t  C a c h e  f a u l t  ( K e l l e r ,  1 9 6 3 ) .  

T h e  w e s t e r n  b o u n d a r y  o f  t h e  g r a b e n  I s  c o v e r e d  b y  P l e i s t o c e n e  

L a k e  B o n n e v i l l e  a l l u v i u m ;  t h e  E a s t  C a c h e  f a u l t  I s  c o v e r e d  I n  

p l a c e s  b y  T e r t i a r y  s e d i m e n t s .  T h e  E a s t  C a c h e  f a u l t  s e p a r a t e s  

t h e  C a c h e  V a l l e y  b a s i n  f r o m  t h e  F i s h  H a v e n  s y n c l i n e  o f  t h e  

B e a r  R i v e r  R a n g e .  T h e  g r a b e n  I s  f i l l e d  w i t h  a n  e s t i m a t e d  

3 , 1 0 0  m  ( 1 0 , 0 0 0  f t )  o f  T e r t i a r y  s e d i m e n t s  ( S t a n l e y ,  1 9 7 2 ) .  
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T h e  s u r f a c e  m a t e r i a l s  a r e  p r i m a r i l y  P l e i s t o c e n e  L a k e  

B o n n e v i l l e  d e p o s i t s  ( K e l l e r ,  1 9 6 3 ) .  

Physical anil ChemIcaI £laraclsrIs±l.ca 
a l  S p r I n g s  a n d  W e i  I S  

T h i s  s t u d y  I n c l u d e d  a n a l y s i s  o f  t h e  h y d r o g e o I o g  I  c  

s e t t i n g s  a n d  h y d r o c h e m i s t r y  o f  3 2  s p r i n g  a n d  w e l l  s i t e s .  

D a t a  o n  e i g h t  s p r i n g s  a n a l y z e d  d u r i n g  a  c o n c u r r e n t  s t u d y  b y  

S o u d e r  ( 1 9 8 2 ) ,  a n d  1 3  w e l l s  s a m p l e d  b y  D i o n  ( 1 9 6 9 )  w e r e  a l s o  

I n c l u d e d .  T h o u s a n d s  o f  s p r i n g s  a n d  w e l l s  a r e  p r e s e n t  I n  t h i s  

p o r t i o n  o f  s o u t h e a s t e r n  I d a h o ;  t h e  5 3  s i t e s  u s e d  f o r  t h i s  

s t u d y  w e r e  s e l e c t e d  t o  r e p r e s e n t  t h e  f u l l  r a n g e  o f  t h e r m a l  

a n d  n o n - t h e r m a l  g r o u n d  w a t e r  s y s t e m s  I n  t h e  a r e a .  T h e  

l o c a t i o n s  o f  t h e  s p r i n g s  a n d  w e l l s  s a m p l e d  a r e  s h o w n  o n  

F i g u r e  V - 3 .  H y d r o g e o I o g I c  d a t a  o n  t h e  s i t e s  a r e  p r e s e n t e d  I n  

T a b l e  V - 2 .  H y d r o c h e m I c a I  d a t a  a r e  p r e s e n t e d  i n  T a b l e  V - 3 .  

AMJUSIS s i  P h y s  l e a  I  & a ± a  

luirfljlug-t Ion 

G e o l o g i c  f o r m a t i o n s  a n d  s t r u c t u r e s  a s s o c i a t e d  w i t h  

s p r i n g s  a n d  w e l l s  a r e  e x a m i n e d  I n  t h i s  s e c t i o n  f o r  t r e n d s  

t h a t  m a y  I d e n t i f y  i m p o r t a n t  s t r a t I  g r a p h  I c  a n d  s t r u c t u r a l  

c o n t r o l s  o n  t h e  d i s t r i b u t i o n  o f  g r o u n d  w a t e r  d i s c h a r g e s .  

D i s c h a r g e  r a t e s  a r e  c o m p a r e d  w i t h  w a t e r  t e m p e r a t u r e s .  

V a r i a t i o n s  I n  t h e  h y d r o c h e m I c a I  c h a r a c t e r i s t i c s  o f  t h e  

g r o u n d  w a t e r  d i s c h a r g e s  a r e  e x p l o r e d  a n d  q u a n t i f i e d  u s i n g  

221 



r o  
PO 
PO 

Figure V-3. Map of well and spring sampling location in southeastern Idaho. 
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Table V-2. Continued. 

Water Elevation Well Depth 
Sample Temp. (rn above Pepth to Water 
Number Name and Location (°C) MSL) (m) (m) 

B-21 Unnamed Spring 8 1910 
14S 41E 15acdS 

B-22 (lurgquist Spring 6 1780 
15S 41E lOaadS 

B-21 Sadducee Spring 6 2100 
16S 43E 8cbbS 

8-74 Unnamed Spring 9 1440 
16S 40E 15dd bS 

B-25 Bear Lake Hot Spring #1 40 1810 
15S 44E 13ccaS 

B-26 Bear Lake Hot Spring #2 39 1810 
15S 44E 13cbaS 

B-27 Bear Lake Hot Spring #3 33 1810 
15S 44E 12ccdS 

R-28 Gentile Valley Spring #1 22 1510 
11S 40E 5aaaS 

B-29 Gentile Valley Spring H Z  14 1520 
10S 40E 32abdS 

B- 30 Gentile Valley Spring #3 30 1520 
11S 40E 8dddS 

Site Description 

riows out of Cambrian Brigham Quartzite dipping 
approximately 30" to the east. Rock is very hard 
and appears highly fractured. 

flows out of Cambrian Nounan limestone dipping about 
10-20" to the northeast. 

Issues from side of canyon and out of middle to 
lower section of Ordivician Garden City limestone. 

Seeps out of Quaternary alluvium next to Maple Creek. 
Cement holding tank and puinp house constructed over 
spring for domestic water supply. 

Located along escarpment of East Bear River Valley 
fault. Mississippian Brazier limestone forms the 
slope. 

Located about .3 km north of spring nunber B-25 
along the escarpment. 

Located 1.3 km north of spring B-25 along the escarp­
ment. The spring seeps out of colluvimi. 

Flows at contact of Bear River alluvium and Ordovi-
cian Garden City limestone. Extensive travertine 
deposit on opposite side of hill, apparently unrelated 
to the spring. 

Spring flows out of fracture in Ordovician Swan Peak 
quartzite dipping 38° to the northeast at contact 
with Quaternary terrace gravels. 

Flows out of alluvium through clean gravel bottom, 
closest Paleozoic outcrop is Cambrian Blacksmith 
limestone, is about one mile to the northwest. 



Table V-2. Continued. 

c , Water Elevation Well 
wdlT Temp. (m above Depth 
Nunber Name and Location (°C) MSL) (m) 

B-31 Ben Meek Wel l  40 13H0 ]? 

14S 39E 36ada 

B-32 Orvil Rallison Well 15 1370 24 
16S 40E 16cac 

S-2 Blackfoot River W. S. 28 1850 
5S 40E 14bcdS 

S-3 Unnamed Spring 18 i««n 
£ 5S 40E lSbacS 
CS 

S-2 Mound Valley Warm Spring 34 1530 
12S 40E 13dcdS 

S-8 Cleveland Hot Springs 55 1520 
12S 41E 31cacS 

S-9 Unnamed Warm Spring 21 lsio 
12S 41E 31badS 

S~ 10 Treasureton Warm Sprinq 40 ]5lo 
12S 40E 36acdS 

S-U Maple Grove Hot Spring 75 ]50u 
13S 41E 7acaS 

S-12 Unnamed Hot Spring 62 I5?n 
13S 41E 7dabS 

E - estimated discharge, all others are measured discharge. 

Depth 
to Water Discharge 

^ O/s) Site Description 

"e" ariiiea into Bear River alluvion about .3 km 
south of the river. Several wells in the vicinity 
also contain hot water. Well is located along Mink 
Creek lineament. 

flowing ? well drilled into alluvium of Cub River about .5 km 
southeast of the river. 

0.3 E Spring discharges out of large travertine mound on 
basalt southeast of spring S-3 about 

12-16 m above Blackfoot River. 

0 Water is standing in a 5 m high travertine mound at 
top of Quaternary basalt bluff just north of Black­
foot River, and is evolving C02 gas. 

v0.1 E Trickles oui of large travertine mound about 30 «• 
tall above Bear River floodplain about 150 m east 
of the river. 

100 

30 

20 

m  

One of many discharges through a large travertine 
bluff overlooking Bear River. Discharges can be 
seen welling up in river also. 

Flows out of extensive travertine mound further down 
the hill from spring B-17. 

One of several springs discharging through Quaternary 
alluvium on west side of Bear River from springs at 
S-8. 

< 1  
About .5 km south of spring S-ll and also flows oul 
of Cambrian Brigham quarUite. Associated small ti 
deposits. 

• • • . • • 



Table V-2. Inventory of and hydrogeologic data from springs and wells sampled in southeastern Idaho. 

no 
no 
CjO 

Sample 
Number Name and Location 

Water 
Temp. 
c  c )  

Elevation 
(m above 

MSL) 

Corral Creek Well 40 
6S 41E 19bbd 

1-2 Gem Valley Spring #1 13 
OS 40E 26bdcS 

0-3 Thrnnal Gradient Well 15 
OS 'TOE 26<Jbc 

B-4 Gem Valley Spring #2 16 
8S 40E 26dcbS 

B-5 Soda Creek Headwaters 13 
OS 41E 26dabS 

0-6 Hooper Spring 10 
8S 41E 36dddS 

B-7 Soda Springs Geyser 29 
9S 41E 12adaS 

B-8 Unnamed Spring 
10S 42E 12ccbS 

B-9 Cold Spring 
10S 42E 31daaS 

1880 

1710 

1710 

1720 

1810 

1800 

1770 

1800 

1950 

Well 
Depth 

(m) 

Depth 
to Water 

6 1  

Discharge 
( I / O  Site Description 

flowing < 1 

5.7 

flowing 1.4 

14 

140 

23 

0 . 8  

160 

One of many phosphate exploration holes drilled by 
FMC into a broad north-northwest trending anticline 
of upper-Paleozoic rocks. The holes average 57 m 
in depth. 

Flows out of extensive flat travertine deposit over-
Quaternary basalt, approximately on the East Gem 
Valley fault. Ordovician Garden City limestone out­
crops in range near spring. 

Well drilled by Phillips Petroleum as thermal grad­
ient hole. Located just south of spring B-2 along 
same grabcn-forming normal fault. 

Flows out of base of 3m high bluff in Quaternary 
basalt just south of sites B-2 and B-3. Spring is 
depositing thin layer of white calcareous tufa on 
the basalt. 

One of many springs that well up through thin 
veneer of alluvium overlying basalt of Blackfoot 
Lava Field. 

Flows out of Quaternary basalt of Blackfoot Lava 
Field near contact with Paleozoic sediments forming 
Soda Springs Hi l is. 

One of several small springs occurring along a north-
south trending fracture trace through a large traver­
tine mound in downtown Soda Springs. 

Flows out of Tertiary Salt Lake formation, composed 
of large rounded quartzitic boulders, near contact 
with Bear River floodplain. 

Flows out of base of hill marking the contact be­
tween shallow alluvium of Cow's Fork and Cambrian 
Blacksmith limestone. 



Table V-2. Continued. 

Water Elevation Well Depth 
Sample Temp. (in above Depth to Water Discharge 
Nunber Name and Location ("C) MSL) (m) (m) (1/s) Site Description 

r\j 
r o  

B-10 Trout Creek Spring 5 1710 
11S 41E 15cdaS 

B-ll Unnamed Spring 13 Ib 10 
12S 41E 18acdS 

B-12 Harris Spring 10 1600 
11S 41E 8dbcS 

8-13 Fescadero Wanu Spring 23 1820 
11S 43E 36bdaS 

B-14 Unnamed Spring 12 1940 
12S 44E 7baaS 

B-15 Unnamed Spring U 1820 
13S 43E 8daaS 

B-16 Williams Creek Spring 7 1710 
12S 41E 27bbaS 

B-17 Unnamed Spring 18 1540 
12S 41E 31abcS 

B-18 Mink Creek Spring 6 1800 
13S 41E 24bbcS 

B-19 Paris Creek Spring 9 2000 
14S 42E 13badS 

B-20 Jarvis Spring 7 1930 
14S 43E 19bcdS 

200 E Flows out of Cambrian Nounan limestone. A short 
distance down the canyon is a large apparently old 
travertine deposit. 

440 Flows out of thin Quaternary alluviun in shallow 
broad valley overlying Paleozoic rocks, either the 
Cambrian Nounan or Cambrian St. Charles limestone. 

*10 E Spring emerges high on Quaternary basalt bluff where 
the lavas of the Gem Valley terminate above Gentile 
Valley. 

<1 E Spring flows from top of large travertine bluff over­
looking Bear River. Extensive travertine mound over­
lies lower Triassic Thaynes limestone. 

3 Flows out of Tertiary Salt Lake formation and is 
piped about 90 m into watering trough. 

20 Spring occurs at the contact between the Quaternary 
alluviun and lower Triassic Thaynes limestone. 

420 E Flows out of Cambrian Nounan limestone dipping 
approximately 10-15" to the northeast. 

10 E Flows out of large travertine mound overlying Quater­
nary lacustrine sediments which also overlay Cambrian 
Blacksmith (?) limestone. 

280 E Flows out of Cambrian Nounan limestone dipping 10-20" 
to the northeast. Highly faulted and fractured area. 

850 E Issues from base of very high cliff at head of Paris 
Creek. Cliff is mostly Cambrian Bloomington lime­
stone. 

410 Flows out of Cambrian Blacksmith limestone in 
Bloomington Canyon. 

m 



Table V-3. Hydrochemical data from springs and 

Sample 
Nmiber Name and Locat ion 

Water 
Temp. 

"C 

Speci  f ic  
Conductance 
(umho/cm) 

TDS 
(mg /1)  pH 

B- l  Corral  Creek Wei 1 
6S 41E 19ht id 

40 4900 5267 6.9 

B-2 Gem Val ley Spr ing pi  
BS 40E 26bdcS 

13 1775 IB06 6.6 

B-3 1 hernial  Gradient Wel l  
BS 40E 26dhc 

IS 2400 2221 6.5 

B-4 Gem Va1 ley Spr i  ng »3 
BS 40E 26dchS 

I f .  2400 2320 6.5 

B-5 Soda Creek l leadw.i  I  m ,  
8S 41E 26d. ihS 

13 1450 1595 6.2 

B-6 Hooper Spr ing 
8S 4IE 36dddS 

10 1300 1406 6.3 

B-7 Soda Spr ings Geyser 
9S 41E 12adaS 

29 4025 4694 6.8 

B-8 Unnamed Spr ing 
10S 42E 12ccbS 

8 460 451 7.7 

B-9 Cold Spr ing 
10S 42E 31daaS 

7 250 217 7.9 

B-IO Trout Creek Spr ing 
I IS 41E IStdaS 

5 325 311 7.0 

B- l  I  Unnamed Spr ing 
12S 41E 18acdS 

13 425 372 7.1 

B-12 Harr is Spr ing 
11S 41E BdbcS 

10 650 543 7.1 

B-13 Pescadero Warm Spr ing 
I IS 43E 36bdaS 

23 1475 1380 7.0 

B-14 Unnamed Spr ing 
12S 44E 7baaS 

12 550 464 7.0 

B- l  5 Unnamed Spr ing 
13S 43E 8daaS 

11 440 346 7.0 

B- l  6 Wi l l iams Creek Spr ing 
12S 41E 27bbaS 

7 325 7.2 

B-17 Unnamed Spr ing 
12S 4IE 3!abcS 

18 775 666 7.1 

sampled in southeastern Idaho. 

Concnntrat ion in mg/1 (meq/1) 

Ca Mg Na K CI F H C 0 3  S ° 4  S i 0 ?  

( :  r n j r  

745 
(37.2) 

244 
(20.1) 

53 
(2.3) 

222 
(5.7) 

39 
(1.1) 

1.8 
(0.09) 

3016 
(49.5) 

915 
(19) 

31 -3.2 

261 
(13) 

126 
(10.4) 

23 
(1)  

H 
(0.2) 

13 
(0.4) 

0 
(0) 

1231 
(20.2) 

123 
(2.6) 

21 3.  1 

345 
( l '2)  

118 
(9.7) 

26 
(1.1) 

12 
(0.1) 

2 
(0.07) 

0 
(0) 

1529 
(25.1) 

147 
(3.1) 

4 2  11. .1 

361 
( l i t )  

120 
(9.9) (V . V )  

1 2  

(0.3) 
13 

(0.4) 
0 
(0) 

1592 
(26.1) 

153 
(3.2) 

4  1  - 1 1 . 4  

121 
' ( ' • •?)  

141 
(11.6) 

49 
( . ' •  1 )  

16 
(0.4) 

10 
(0.3) 

0.4 
(0.02) 

1106 
( l f l . l )  

37 
(0.8) 

1 1 3  

106 
(5.3) 

111 
(9.1) 

36 
(1.6) 

11 
(0.3) 

9 
(0.3) 

0.5 
(0.03) 

1007 
(16.5) 

41 
(0.9) 

85 -4.0 

925 
(46.2) 

150 
(12.4) 

3 
(0.1) 

18 
(0.5) 

3 
(0.08) 

0.4 
(0.02) 

2778 
(45.6) 

771 
(16) 

46 -2.2 

79 
(3.9) 

13 
(1.1) 

9 
(0.4) 

2 
(0.05) 

5 
(0.1) 

0.2 
(0.01) 

297 
(4.9) 

10 
(0.2) 

36 2.1 

47 
(?.4) 

6 
(0.5) 

2 
(0.09) 

0 
(0) 

0 
(0) 

0 
(0) 

155 
(2.5) 

0 
(0) 

7 6.9 

63 
(3.1) 

12 
(1)  

4 
(0.2) 

0 
(0) 

9 
(0.3) 

0 
(0) 

22 3 
(3.7) 

0 
(0) 

0 4.8 

52 
(2.6) 

20 
(1.6) 

7 
(0.3) 

0 
(0) 

7 
(0.2) 

0 
(0) 

277 
(4.5) 

0 
(0) 

9 -2.6 

111 
(5.5) 

0 
(0) 

9 
(0.4) 

0 
(0) 

17 
(0.5) 

0 
(0) 

361 
(5.9) 

18 
(0.4) 

27 -6.6 

194 
(9.7) 

46 
(3.8) 

70 
(3) 

13 
(2.9) 

74 
(2.1) 

2.3 
(0.1) 

749 
(12.3) 

215 
(4.5) 

17 I . I  

72 
(3.6) 

21 
(1.7) 

11 
(0.5) 

0 
(0) 

10 
(0.3) 

0.2 
(0.01) 

317 
(5.2) 

0 
(0) 

33 2.8 

42 
(2.1) 

19 
(1.6) 

22 
(0.9) 

0 
(0) 

8 
(0.2) 

0.2 
(0.01) 

236 
(3.9) 

4 
(0.08) 

15 4.9 

55 
(2.7) 

17 
(1.4) 

0 
(0) 

0 
(0) 

• 3 
(0.08) 

0 
(0) 

250 
(4.1) 

0 
(0) 

0 -0.6 

94 
(4.7) 

28 
(2.3) 

37 
(1.6) 

3 
(0.07) 

30 
(0.9) 

0.3 
(0.02) 

439 
(7.2) 

26 
(0.5) 

9 0.4 



Table V-3. Continued. 

Sample 
Number Nine and Local  inn 

Water '  Speci f ic  
Temp. Conductance 

"C (pnho/cui)  
TDS 

(1119/1) pH Ca 

B-18 Mink Creek Spr ing 
13S 41E 24bb£S 

B-19 Par is Creek Spr ing 
14S 42E 13badS 

B-20 Jarvis Spr ing 
14S 43E 19bcdS 

B-21 Unnamed Spr ing 
14S 41E ISacdS 

B-22 Burgquist  Spr ing 
1SS 41E lUaadS 

B-23 Sadducee Spr ing 
16S 43E 8cbbS 

B-24 Unnamed Spr ing 
16S 40E lSddbS 

B-2S Bear Lake Hot Spr ing i l l  
15S 44E 13ccaS 

B-26 Bear Lake Hot Spr ing »2 
1SS 44E 13cbaS 

B-27 Bear Lake Hot Spr ing m 
15S 44E 12ccdS 

B-28 Gent i le Val ley Spr ing #1 
US 40E SaaaS 

B-29 Gent i le Val ley Spr ing »2 
10S 40E 32abdS 

B-30 Gent i le Val ley Spr ing «3 
11S 40E 8dddS 

B-31 Ben Meek Wel l  
14S 39E 36ada 

B-32 Orvi l  Ral l ison Wel l  
IBS 40E 16cac 

S-2*** Blackfoot River W. S.  
5S 40E 14bcdS 

S-3 Unnamed Spr ing 
SS 40E lSbacS 

6 

9 

7 

8  

t )  

6  

9 

40 

39 

33 

22 

14 

30 

40 

15 

28 

18 

24S 

325 

350 

440 

300 

300 

310 

2250 

19/5 

1900 

1825 

625 

1900 

455 

4600 

205 

256 

284 

361 

271 

251 

221 

1625 

1634 

1621 

1698 

524 

930 

1349 

374 

4915 

4851 

7.4 

6.9 

7.0 

7.2 

7.7 

7.2 

7.3 

7.0 

7.2 

7.1 

6 . 1  

7.0 

6.6  

7.4 

7.6 

6.4 

6.3 

46 
(2.3) 

58 
(2.9) 

48 
(2.4) 

77 
(3.8) 

56 
( 2 . 8 )  

49 
(2.5) 

40 
(2) 

230 
(11.5) 

227 
(11.3) 

227 
(11.3) 

239 
(U.9) 

60 
(3) 

132 
( 6 . 6 )  

23 
( 1 . 2 )  

42 
( 2 . 1 )  

700 
(34.9) 

688 
(33.3) 

Error 

Mg Na K CI F H C 0 3  SO4 S i 0 2  

5 3 1 2 0 148 0 0 7.3 
(0.4) (0.1) (0.03) (0.05) (0)  (2.4) (0) 

5 2 0 1 0 190 0 u 3.8 

(0.4) (U.I)  (0)  (0.03) (0)  (3.1) (0) 

17 0 0 6 0 213 0 0 1.6 
(1.4) (U) (0)  (0.2) (0) (3.5) (0) 

9 2 0 4 0 259 3 7 2.9 
(0.7) (o. l )  (0) (0.1) (0) (4.2) (0.06) 

I I  1 0 4 0 195 4 0 4.9 
(0.9) (0.04) (0) (0.1) (0) (3.2) (0.08) 

12 0 0 1 0 189 U 0 4.6 
(1) (0) (0) (0.03) (0) (3.1) (0) 

8 0 0 3 0 159 2 9 -1.5 

(0.7) (0) (0) (0.1) (0) (2.6) (0.04) 

41 155 48 72 4.2 263 769 43 0.6 
(3.4) (6.7) (1.2) (2) (0.2) (4.3) (16) 

41 151 44 75 4.2 255 791 46 -1.3 

(3.4) (6.5) (1.1) (2.1) (0.2) (4.2) (16.5) 

41 163 43 74 4 271 758 40 0.8 
(3.4) (7.1) (1.1) (2.1) (0.2) (4.4) (15.8) 

4/  92 34 78 0.2 1086 104 18 -3.5 
(3.9) (4) (0.9) (22) (0.01) (17.8) (2.2) 

30 29 0 33 0.1 332 23 17 -1.0 
(2.5) (1.3) (0) (0.9) (0.01) (5.4) (0.5) 

38 54 3 43 0.2 594 40 26 1.4 
(3.1) (2.3) (0.07) (1.2) (0.01) (9.7) (0.8) 

5 348 20 321 11 526 5 90 -2.3 
(0.4) (15.1) (0.9) (9.1) (0.6) (8.6) (0.1) 

18 20 7 31 0.4 199 14 43 2.0 
(15) (0.9) (0.2) (0.9) (0.02) (3.3) (0.3) 

224 164 201 72 1.9 2371 1178 33 0.5 
(18.4) (7.1) (5.1) (2.0) (0.1) (38.9) (23.9) 

312 149 182 64 1.3 2287 1171 17 4.8 
(25.7) (6.5) (4.7) (1.8) (0.1) (37.5) (24.4) 

• • 
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Table V-3. Continued. 

Sample 
Niniber Name and locat ion 

Water Speci f ic  
Temp. Conductance TDS —-— 

"C (umho/cni)  (n ig/1) pi t  Ca 

r x >  
t\J 
CO 

S-7 Mound Val ley Warm Spr ing 
1 2 s  T O E  i 3 d c d s  

S-f l  Cleveland Hot Spr ings 
l . 'S 4IE l lcacS 

S-9 Unnamed Warm Spr ing 
125 11E 31badS 

S-IO Treasureton Warm Spr ing 
I2S TOE 36acdS 

S-1 I  Maple Grove Hot Spr ing 
13S TIE 7acaS 

S-I2 t lnnamcd Hot Spr ing 
13S TIE 7dabS 

D- l**  A, M. Thompson Wel l  
I IS TTE 7ccb 

0-2 Rebecca Buhler Wel l  
12S 43E 25daa 

0-3 Dave Gerber Wel l  
12S TTE 33dcc 

0-4 Dean Roberts Wel l  
13S T3E I6dcc 

D-S Karel  Thomas Wel l  
ITS T3E 35bha 

D - 6  Oscar Arnel l  Wel l  
ITS TTE 12ccc 

0-7 Al  Butterf ie ld Wel l  
8S T2E 7bda 

0-8 Monsanto Chem Wel l  
8S T2E 3ladb 

0-9 Dewey Mansf ie ld Wel l  
lOS TOE IThba 

D-IO Alv in Kings ford Wel l  
lOS TOE 36dcc 

0-11 Clark Mickelson Wel l  
US TIE 30hdd 

3100 

36HO 

IV1 

4550 

3000 

3150 

511 

539 

652 

576 

556 

765 

718 

1000 

760 

852 

1T30 

2TT1 6.1 353 
(17.6) 

265T 6.2 259 
(12.9) 

61 'J  6 . /  H? 

(T.  1 )  

3179 6.T 336 
( 1 6 . 8 )  

217/ 6.3 132 
(T.T) 

82 
(4.1) 

7T 
(3.7) 

61 
(3) 

T26 7.8 91 
(4.5) 

66 
(3.3) 

67 
(3.3) 

83 
(4.1) 

75 
(3.7) 

88 
(4.4) 

59 
(2.9) 

62 
(3.1) 

998 7.8 128 
(6.T) 

2 1 0 7  5 . 9  

3 5 0  7 . 7  

3 5 1  7 . 8  

3 5 1  7 . 7  

3 3 6  7 . 9  

4 7 5  7 . 7  

T 2 7  7 . 3  

6 8 4  7 . 6  

T 5 T  7 . 8  

5 2 0  7 . 8  

t'm 

Concentrat ion in mg/1 (meg/1) 

Mg Na K CI F h c o 3  so4 S i 0 2  

Error 
/ ,  

52 267 51 309 0.8 1106 278 24 5.2 
(T.  3) (11.6) (1.3) (8.7) (0) (18.1) (5.8) 

24 

41 4TT 90 574 1.7 665 517 62 2.0 
(3.4) (19.3) (2.3) (16.2) (0.1) (9.3) (10 . 1 1 )  

62 2.0 

26 32 0 27 0.3 410 23 15 -1.9 
(2.1) (1.4) (0) (0.8) (0) (6.7) (0.5) 

15 

48 542 110 629 2 726 735 54 2.3 
(3.9) (73.6) (2.8) (17.7) (0.1) (11.9) (15.3) 

54 2.3 

24 550 71 586 0.3 466 28? 66 3.1 
(1.8) (23.9) (1.8) (16.5) (0) (7.6) (5.9) 

66 3.1 

22 499 77 585 1 454 323 64 -1.8 
(1.8) (21.7) (?) (16.5) (0.1) (7.4) (6.7) 

64 -1.8 

30 5 1 3.3 0 310 48 12 1.9 
(2.5) (0.2) (0.03) (0.09) (0) (5.1) (1) 

12 1.9 

27 16 4.6 17 0.1 292 30 40 3.1 
(2.2) (0.7) (0.1) (0.5) (0.01) (4.8) (0.6) 

40 3.1 

30 10 1 6.7 0.1 336 74 12 1.6 
(2.5) (0.4) (0.03) (0.2) (0.01) (5.5) (1.5) 

12 

20 30 1 27 0.2 340 0 23 -0.5 
(1.7) (1.3) (0.03) (0.8) (0.01) (5.6) (0) 

23 

26 17 1.9 12 0.  1 356 12 19 -1.3 
(2.2) (0.7) (0.05) (0.3) (0.01) (5.8) (0.3) 

19 

34 39 2.1 40 0.1 352 74 15 1.4 
(2.8) (1.7) (0.05) (1.1) (0.01) (5.8) (1.5) 

15 

50 8.2 3 8.1 0.3 464 23 29 0 
(4.2) (0.4) (0.08) (0.3) (0.02) (7.6) (0.5) 

29 

60 48 6.9 59 1.5 392 147 44 1.6 
(4.9) (2.1) (0.2) (1.7) (0.08) (6.4) (3.1) 

44 

48 34 4.9 38 0.5 360 51 23 2.7 
(3.9) (1.5) (0.1) (1.1) (0.03) (5.9) (1.1) 

23 

57 39 5.2 42 0.5 412 70 27 0.9 
(4.7) (1.7) (0.1) (1-2) (0.03) (6.8) (1.5) 

27 

78 89 3.6 98 0.3 520 228 28 2.2 
(6.4) (3.9) (0.1) (2.8) (0.02) (8.5) (4.7) 

28 



Table V-3. Continued. 

Sample 
Nuuber Name and Locat ion 

D-12 Mack Hynias Wel l  
13S 40E 30acb 

0-13 Byron Tanner Wel l  
14S 39E 25add 

Water Speci f ic  
Temp. Conductance IDS 

°C (ut iho/c iu)  (mg/ l )  pH 

Concentrat ion in iug/1 (meq/1) 

Ca My Na C I  F  HCO, SO. SiO, 
Error 

t 

625 

866 

368 7.6 69 30 21 1.9 30 0.4 326 22 21 1.4 
(3.4) (2.7) (0.9) (0.05) (0.9) (0.02) (5.4) (0.5) 

550 7.9 89 35 58 5.6 3(1 0.5 496 40 45 0.7 
(4.4) (2.9) (2.5) (0.1) (0.9) (0.03) (8.1) (0.8) 

*  not reported 

Nunbers D- l  through D-13 are modif ied from Dion ( Iyb9).  

***  Number* S-2 through S-12 are from Souder (1983) 
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m u l t i v a r i a t e d a t a  a n a l y s i s  m e t h o d s .  T h e  s p r i n g  a n d  w e l l  

d i s c h a r g e s  a r e  s t a t i s t i c a l l y  g r o u p e d  b y  s i m i l a r i t i e s  i n  

t h e i r  h y d r o c h e m I c a I  c h a r a c t e r i s t i c s .  S p a t i a l  d i s t r i b u t i o n s  

o f  t h e  g r o u p s  a r e  t h e n  c o m p a r e d  w i t h  t h e  r e g i o n a l  g e o l o g i c  

f  r a m e w o r k .  

T h e  s p r i n g s  a n d  w e l l s  s a m p l e d  I n  t h e  s t u d y  a r e a  

d i s c h a r g e  f r o m  e l e v e n  g e o l o g i c  f o r m a t i o n s  r a n g i n g  f r o m  t h e  

P r e c a m b r I a n / C a m b r I  a n  B r l g h a m  q u a r t z l t e  t o  R e c e n t  a l l u v i u m .  A  

s u m m a r y  o f  t h e  g e o l o g i c  f o r m a t i o n s  a s s o c i a t e d  w i t h  s p r i n g s  

a n d  w e l l s ,  a n d  t h e  f r e q u e n c y  o f  d i s c h a r g e s  w i t h i n  t h e  s t u d y  

a r e a  I s  p r e s e n t e d  I n  T a b l e  V - 4 .  S p r i n g s  a n d  w e l l s  w h i c h  a r e  

I n  c l o s e  p r o x i m i t y  t o  m a j o r  n o r m a l  f a u l t s  a r e  a l s o  I n d i c a t e d  

I n  t h e  t a b I e .  

T h e  m o s t  p r o m i n e n t  s t r u c t u r a l  f e a t u r e s  i n  t h e  s t u d y  a r e a  

a r e  t h e  n o r m a l  f a u l t s  w h i c h  h a v e  c r e a t e d  t h e  h o r s t / g r a b e n  

s t r u c t u r e s  t h a t  c o m p r i s e  t h e  r a n g e s  a n d  v a l l e y s .  M o s t  o f  

t h e s e  f a u l t s  s h o w  s u r f i c i a l  e v i d e n c e  o f  r e c e n t  m o v e m e n t  

( W i t k i n d ,  1  5 7 4  )  a n d  m a y  b e  c o n s i d e r e d  a c t i v e  b a s e d  u p o n  t h e  

h i g h  f r e q u e n c y  o f  e a r t h q u a k e s  c e n t e r e d  w i t h i n  a n d  n e a r  t h e  

s t u d y  a r e a  ( S m i t h  a n d  S h a r ,  1 9 7 4 ) .  T h e  s e i s m i c  e v i d e n c e  

s u g g e s t s  t h a t  t h e s e  f a u l t s  e x t e n d  t o  g r e a t  d e p t h s  ( 3  t o  1 6  

k m )  a n d  m a y  a c t  a s  c o n d u i t s  f o r  t h e  d e e p  c i r c u l a t i o n  o f  

g r o u n d  w a t e r .  
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Table V-4. Geologic formation associated with springs and wells in the 
vicinity of the Bear River Range, southeastern Idaho. 

Age Formation Spring or Well 

Quaternary A11uvi urn D-l, D-2, D-3, D-4, 0-5, D-6, 
0-13, B-15, B-l7*, B-30*, B-31*. 
B-32, S-7(?)*, S-8*, S-9*, S-10* 

Quaternary and 
Tertirary 

Basalt 0-7, 0-8, 0-9, 0-10, B-l*, B-2*, 
B-3*, B-4*, B-5*, B-6*, B-7*, 
B-l2, S-2, S-3 

Tertiary Salt Lake 0-8, B-24 

Triassic Thaynes B-13, B-l5(?) 

Mississippi an Brazier B-25*, B-26*, B-27* 

Ordovician Garden City B-23, B-28*, B-29 

Cambrian St. Charles B-11 

Cambrian Nounan B-10, B-l6, B-18, B-22 

Cambrian Bloomington B-l 9 

Cambrian Blacksmith B-9, B-20 

Cambrian/ 
Pre-Cambrian 

Bri gham B-21, S-ll*, S-12* 

* Indicates close proximity of spring or well to major fault. 



T h e  s p r i n g s  a n d  w e l l s  I n  c l o s e  p r o x i m i t y  t o  m a j o r  f a u l t s  

a r e  i n d i c a t e d  i n  T a b l e  V - 4 .  T w e n t y  o f  t h e  f i f t y  o n e  s p r i n g s  

a n d  w e l l s  e x a m i n e d  a r e  l o c a t e d  n e a r  f a u l t s  a n d  d i s c h a r g e  

t h r o u g h  a l l u v i u m ,  b a s a l t ,  t h e  M i s s I s s i p p i a n  B r a z i e r  l i m e s t o n e  

a n d  t h e  C a m b r i a n  B r i g h a m  q u a r t z t t e .  S i x t e e n  o f  t h e  t w e n t y  

f a u l t - a s s o c i a t e d  s p r i n g s  a n d  w e l l s  h a v e  s u r f a c e  t e m p e r a t u r e s  

g r e a t e r  t h a n  o r  e q u a l  t o  1 5 . 5 ° C .  T h e  a s s o c i a t i o n  o f  t h e  

t h e r m a l  s p r i n g s  a n d  w e l l s  w i t h  t h e s e  f a u l t s  t e n d s  t o  o r i e n t  

t h e m  a l o n g  t h e  e d g e s  o f  t h e  v a l l e y s .  T h e  t h e r m a l  s p r i n g s  

w h i c h  e x t e n d  f r o m  G e n t i l e  V a l l e y  ( B - 2 8 )  t o  M o u n d  V a l l e y  ( S - 8  

a n d  S - 1 0 )  a r e  a l l  a l i g n e d  t o w a r d  t h e  w e s t e r n  e d g e  o f  t h e  

v a l l e y s  a l o n g  t h e  W e s t  G e m  V a l l e y  f a u l t .  M a p l e  G r o v e  H o t  

S p r i n g s  ( S - 1 1  a n d  S - 1 2  >  I n  O n l e d a  N a r r o w s  o c c u r s  i n  t h e  

I n t e n s e l y  f a u l t e d  a r e a  t h a t  f o r m s  t h e  J u n c t i o n  o f  t h e  B e a r  

R i v e r  a n d  P o r t n e u f  R a n g e s  a t  t h e  s o u t h e r n  e n d  o f  t h e  s a m e  

g r a b e n  s t r u c t u r e .  

M i n e r a l i z e d  w a r m  s p r i n g s  a n d  w e l l s  l o c a t e d  I n  t h e  

n o r t h e r n  G e m  V a l l e y  a n d  B l a c k f o o t  L a v a  F i e l d  o c c u r  a l o n g  t h e  

e a s t  a n d  w e s t  s i d e s  o f  t h e  S o d a  S p r i n g s  H i l l s .  T h e  w e l l  

( B - 3 )  a n d  t w o  s p r i n g s  ( B - 1  a n d  B - 2 )  o n  t h e  w e s t  s i d e  o f  t h e  

r a n g e  a r e  a l i g n e d  a l o n g  a  t h r e e - m e t e r  b r e a k  I n  t h e  b a s a l t ,  

p r o b a b l y  a n  e x p r e s s i o n  o f  t h e  E a s t  G e m  V a l l e y  f a u l t .  T h e  

s p r i n g s  o n  t h e  e a s t  s i c e  o f  t h e  S o d a  S p r i n g s  H i l l s  I n c l u d e  

t h e  w a r m  s p r i n g  a t  S o d a  S p r i n g s  g e y s e r  ( B - 7 ) ,  H o o p e r  S p r i n g  

( B - 6 )  a n d  t h e  h e a d w a t e r s  o f  S o d a  S p r i n g  ( B - 5 ) .  T h e s e  s p r i n g s  
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a r e  a l l  | n  c l o s e  p r o x i m i t y  t o  t h e  n o r t h  

B e a r  L a k e  f a u , t  T h e  + h  ^  e * + e n S l ° n  

L a k e  H o t  S p r ,  n q s  
S p N n 9 S  r e s ° r +  ( B - 2 5 ,  B - 2 6  B - ? 7 i  , ,  

^  E a s t  B e a r  L a k e  f a u l t .  

u s +  f a u l t i n g  a n d  a s s o c i a t e d  f o l d  J n g  
p r e - T e r t l a r y  r o c k s  o f  t h «  °  + h e  

Y T O C K S  O f  t h e  m o u n t a i n  r a n g e s  a r «  *  r  

s t r u c t u r a l  f e a t u r e s  T h  P P r o m i n e n t  .......... 
. . . . . . . . . . . . - - - -

-
9  u n d  w a t e r  f ,  o w  p a t t e r n s  t h r o u g h  t h e s e  r o c k s .  T h e  

b r o a d ,  n o r t h w a r d  p l u n g i n g  F l s h  H a v e n  s y n c ,  I n ^  ^  

• ' • • •  -  -* • '  • • . . . . . . . . . . . .  
. . . . . . . . . . . . I r . „  C r . . „  • 

S p r i n g  ( B - 1 7 )  a n d  B u r g q u l s t  s „  ,  '  9 e k  

g q u f s t  S p r i n g  ( B - 2 2 )  t h a t  h i  ^  

b°+h s'des of the Bear River Range n d,sch"ge on 

t h e  s y n c  I  I n e  o n  '  ̂  ^  ̂  c o n  +  r o , s  o f  
y n c l l n e  o n  g r o u n d  w a t e r  f , o w  p a t t e r n s  I n  + h  

' o l d  h a s  c a u s e d  . .  r a n g e .  T h e  
c a u s e d  t h e  h i g h e r  h y d r a u l i c  c o n d u c t i v i t y  f o r m a t ,  

^  N o u n a n  L , m e s t o n e  a n d  t h e  B l a c k s o l t l  L  

• d l c h  o v e r l a y  t h e  d e n s e  a n d  ,  

B r . d h a n ,  q u a r t s , t e  t o  t  "  h y d r a U " C  

d '  ' h e  r a n g e  T  ° "  ^  —  s i d e s  
T h e  s p r i n g s  t h a t  d o  o c c u r  I n  + k  

q u a r t z I t e  a r e  o u c h  s o a l l e r  d ,  h  

' h e  o v e r l y , „  s c h a r g e  t h a n  t h e  s p r i n g s  I n  
o v e r l y i n g  c a r b o n a t e  r o c k s  r s  

s t r u c t u r a l  a n d  d ,  K s  +  r a t , g r a p h  I  c ,  
d |  a n d  d i s c h a r g e  r e l a t i n n r k .  

r e l a t i o n s h i p s  I n d i c a t e  t h a t  p r o b a b l y  

jjf J 
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m o s t  o f  t h e  g r o u n d  w a t e r  I n  t h e  B e a r  R i v e r  R a n g e  I s  

d i s c h a r g e d  t o  t h e  s u r f a c e  a b o v e  t h e  B r l g h a m  q u a r t z l t e ,  a n d  

l i t t l e  g r o u n d  w a t e r  f l o w s  t h r o u g h  t h e  B r l g h a m  I n t o  l o w e r  f l o w  

s y s t e m s .  

D ISCharjfi S p r i n g s  

T h e  t o t a l  d i s c h a r g e  o f  s p r i n g s  a n d  w e l l s  s a m p l e d  d u r i n g  

t h i s  s t u d y  I s  I n v e r s e l y  p r o p o r t i o n a l  t o  t e m p e r a t u r e .  T h e  

s p r i n g s  a n d  w e l l s  w i t h  t e m p e r a t u r e s  l e s s  t h a n  1 5 . 5 ° C  h a v e  a  

t o t a l  d i s c h a r g e  o f  a b o u t  3 6 7 0  l / s .  T h e  l a r g e s t  o f  t h e s e  I s  

P a r i s  C r e e k  S p r i n g  w i t h  a  d i s c h a r g e  o f  a p p r o x i m a t e l y  8 5 0  l / s .  

T h e  s p r i n g s  a n d  w e l l s  w i t h  t e m p e r a t u r e s  b e t w e e n  1 5 . 5 ° C  a n d  

3 9 ° C  h a v e  a  t o t a l  d i s c h a r g e  o f  a b o u t  2 5 0  l / s .  T h e  s p r i n g s  

a n d  w e l l s  w i t h  t e m p e r a t u r e s  g r e a t e r  t h a n  3 9 ° C  h a v e  a  t o t a l  

d i s c h a r g e  o f  a p p r o x i m a t e l y  2 0  l / s .  T h e  c o n t r a s t  b e t w e e n  

t h e r m a l  a n d  n o n - t h e r m a l  d i s c h a r g e s  a r e  e v e n  g r e a t e r  t h a n  

e x p r e s s e d  h e r e  b e c a u s e  o n l y  a  s m a l l  p e r c e n t a g e  o f  t h e  s p r i n g s  

w i t h  t e m p e r a t u r e s  b e l o w  1 5 . 5 ° C  w e r e  v i s i t e d ;  m o s t  o f  t h e  

t h e r m a l  s p r i n g s  I n  t h e  a r e a  w e r e  s a m p l e d .  

£ i  C h e m I c a I  D a t a  

I  n t r o d u c t I o n  

T h e  c h e m i c a l  c o m p o s i t i o n  o f  g r o u n d  w a t e r  d i s c h a r g i n g  

f r o m  a  s p r i n g  o r  w e l l  I s  t h e  p r o d u c t  o f  d y n a m i c  

h y d r o g e o c h e m I c a I  r e a c t i o n s .  T h e  e n v i r o n m e n t  I n  w h i c h  t h e s e  

r e a c t i o n s  o c c u r  I s  c o n t r o l l e d  b y  t h e  c h e m i c a l  a n d  p h y s i c a l  
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p r o p e r t i e s  o f  t h e  r o c k s  t h r o u g h  w h i c h  t h e  g r o u n d  w a t e r  f l o w s ,  

t h e  r a t e  o f  g r o u n d  w a t e r  f l o w ,  a n d  t h e  t e m p e r a t u r e s  a n d  

p r e s s u r e s  e n c o u n t e r e d  a l o n g  t h e  f l o w  p a t h .  K n o w l e d g e  o f  t h e  

h y d r o g e o I o g I c  e n v i r o n m e n t  o f  t h e  d i s c h a r g i n g  g r o u n d  w a t e r  c a n  

t h u s  b e  o b t a i n e d  f r o m  I t s  c h e m i c a l  c o m p o s i t i o n .  A  c o m p a r i s o n  

o f  t h e  h y d r o c h e m I s t r y  w i t h  t h e  l o c a l  a n d  r e g i o n a l  g e o l o g i c  

s t r u c t u r e  c a n  p r o v i d e  a  d e s c r i p t i o n  o f  t h e  p r o b a b l e  g r o u n d  

w a t e r  f l o w  s y s t e m .  

T r e a t m e n t  o f  t h e  c h e m i c a l  c h a r a c t e r i s t i c s  o f  g r o u n d  

w a t e r  s a m p l e s  a s  r a n d o m  v a r i a b l e s  a n d  t r e a t m e n t  o f  t h e  g r o u n d  

w a t e r  d i s c h a r g e s  a s  r a n d o m  s a m p l e s  o f  d i f f e r e n t  h y d r o g e o I o g I c  

s y s t e m s  a r e  c o n d u c i v e  t o  a  m u l t i v a r i a t e  a n a l y s i s  o f  t h e  

h y d r o c h e m I c a I  d a t a  t o  q u a n t i f y  d i f f e r e n c e s  b e t w e e n  t h e  f l o w  

s y s t e m s .  A  s u i t e  o f  m u l t l v a i a t e  d a t a  a n a l y s e s  w a s  a p p l i e d  t o  

t h e  h y d r o c h e m  I  c a  I  d a t a  l i s t e d  I n  T a b l e  V - 3  i n  o r d e r  t o :  1 )  

I d e n t i f y  t h e  m o s t  I m p o r t a n t  v a r i a b l e s  I n  d e t e r m i n i n g  t h e  

h y d r o c h e m i s t r y ,  2 )  g r o u p  s p r i n g  a n d  w e l l  s i t e s  b a s e d  o n  t h e s e  

h y d r o c h e m I c a I  d i f f e r e n c e s  a n d  f i n a l l y  3 )  c o r r e l a t e  t h e  g r o u p s  

t o  r e g i o n a l  l i t h o l o g l c  t y p e s  a n d / o r  g e o l o g i c  s t r u c t u r e s .  

F i r s t ,  t h e  v a r i a b l e s  w e r e  s u b j e c t e d  t o  a  l o g a r i t h m i c  

t r a n s f o r m a t i o n  a n d  t h e n  s t a n d a r d i z e d .  T h i s  p r o c e d u r e  a s s u r e s  

t h a t  l a r g e  v a l u e s  w i l l  n o t  d o m i n a t e  t h e  s t a t I s t I c a I  a n a  I  y s e s  

a n d  t h a t  a s s u m p t i o n s  o f  n o r m a l i t y  a r e  s a t i s f i e d .  D e t a i l s  o f  

t h e  p r o c e d u r e  f o r  s t a n d a r d i z a t i o n  o f  d a t a  a r e  p r e s e n t e d  b y  

B a g l l o  ( 1 9 8 3 ) .  S e c o n d ,  f a c t o r  a n a l y s i s  a n d  c l u s t e r  a n a l y s i s  
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o f  t h e  d a t a  w e r e  a p p l i e d  t o  i d e n t i f y  i m p o r t a n t  v a r i a b l e s  b y  

w h i c h  t o  g r o u p  t h e  s a m p l e s .  F i n a l l y ,  a  m u l t i p l e  d i s c r i m i n a n t  

a n a l y s i s  w a s  a p p l i e d  t o  t e s t  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  

t h e  d e f i n e d  g r o u p s .  

Mlll^arlsls Mel.ha.fU 

F o u r  m u l t i v a r i a t e  d a t a  a n a l y s i s  m e t h o d s  w e r e  a p p l i e d  t o  

t h e  h y d r o c h e m I c a I  d a t a .  F a c t o r  a n a l y s i s  a n d  c l u s t e r  a n a l y s i s  

a r e  e x p l o r a t o r y  m e t h o d s  u s e d  t o  e x a m i n e  t h e  r e l a t i v e  

I m p o r t a n c e  o f  t h e  h y d r o c h e m i c a I  p r o p e r t i e s  I n  d e t e r m i n i n g  t h e  

v a r i a t i o n s  a m o n g  t h e  s a m p l e s .  M u l t i v a r i a t e  a n a l y s i s  o f  

v a r i a n c e  ( M A N O V A )  a n d  m u l t i p l e  d i s c r i m i n a n t  a n a l y s e s  a r e  

c o n f i r m a t o r y  m e t h o d s  u s e e  t o  m a k e  s t a t i s t i c a l  t e s t s  o f  t h e  

s a m p l e  v a r i a t i o n s .  

Laalar AH2J..y.sj..S. The general purpose of factor analysis 

I s  t o  c o n d e n s e  t h e  i n f o r m a t i o n  c o n t a i n e d  I n  a  n u m b e r  o f  

o r i g i n a l  v a r i a b l e s  ( i n  t h i s  c a s e  1 2 )  I n t o  a  s m a l l e r  s e t  o f  

c o m p o s i t e  d i m e n s i o n s  ( f a c t o r s )  w i t h  a  m i n i m u m  l o s s  o f  

I n f o r m a t i o n .  A  d i s c u s s i o n  o f  t h e  m a t h e m a t i c a l  t h e o r y  o f  

f a c t o r  a n a l y s i s  c a n  b e  f o u n d  I n  G i r l  ( 1 9 7 7 ) ,  a n d  d i s c u s s i o n s  

o n  a p p l i c a t i o n s  c a n  b e  f o u n d  I n  C o m r e y  (  1 9 7 3 )  a n d  H a i r  a n d  

o t h e r s  ( 1 9 7 9 ) .  

F a c t o r  a n a l y s i s  b e g i n s  w i t h  t h e  c a l c u l a t i o n  o f  a  

c o r r e l a t i o n  m a t r i x .  T h e  c o r r e l a t i o n  m a t r i x  I s  a n  a r r a y  o f  

c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  a l l  p a i r s  o f  c o n s t i t u e n t s .  

T h e  s q u a r e d  c o r r e l a t i o n  c o e f f i c i e n t  I s  a  m e a s u r e  o r  a  
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p r o p o r t i o n  o f  t h e  v a r i a n c e  o f  o n e  v a r i a b l e  t h a t  c a n  b e  

e x p l a i n e d  b y  a n o t h e r  v a r i a b l e .  C o r r e l a t i o n  c o e f f i c i e n t s  

r a n g e  I n  v a l u e  f r o m  - 1  t o  1 .  T h e  c o r r e l a t i o n  c o e f f i c i e n t s  

a r e  a r r a n g e d  I n  t h e  m a t r i x  s o  t h a t  t h e  e n t r y  I n  r o w  I  a n d  

c o l u m n  j  I s  t h e  c o m p u t e d  c o r r e l a t i o n  c o e f f i c i e n t  r . .  f o r  t h e  
'  J  

I t h  a n d  j t h  v a r i a b l e s .  T h e  c o r r e l a t i o n  m a t r i x  I s  a  m e a s u r e  

o f  s i m p l e  r e l a t i o n s h i p s  o f  e a c h  v a r i a b l e  w i t h  a l l  t h e  o t h e r  

v a r i a b l e s .  

T h e  c o r r e l a t i o n  c o e f f i c i e n t  m a t r i x  f o r  t h e  t w e l v e  

v a r i a b l e s  t e m p e r a t u r e ,  T D S ,  p H ,  c a l c i u m ,  m a g n e s i u m ,  s o d i u m ,  

p o t a s s i u m ,  c h l o r i d e ,  f l u o r i d e ,  b i c a r b o n a t e ,  s u l f a t e  a n d  

s i l i c a  I s  p r e s e n t e d  I n  T a b l e  V - 5 .  M a n y  o f  t h e  v a r i a b l e s  I n  

t h e  m a t r i x  a r e  h i g h l y  c o r r e l a t e d .  T h e s e  c o r r e l a t i o n s  

I n d i c a t e  t h a t  t h e  d o m i n a n t  c a t l o n / a n l o n  c o m b i n a t i o n s  a r e  

h i g h l y ,  p o s i t i v e l y  r e l a t e d .  S o d  I  u r n  a n d  c h l o r i d e ,  f o r  

e x a m p l e ,  h a v e  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  . 9 1 .  A l s o ,  

c a l c i u m ,  m a g n e s i u m  a n d  b i c a r b o n a t e  a r e  a l l  h i g h l y ,  p o s i t i v e l y  

c o r r e l a t e d .  T D S  i s  h i g h l y  c o r r e l a t e d  w i t h  c a l c i u m  a n d  

b i c a r b o n a t e ,  p r o b a b l y  b e c a u s e  t h e  h i g h e s t  T D S  c o n c e n t r a t i o n s  

o c c u r  I n  s a m p l e s  d o m i n a t e d  b y  c a l c i u m  a n d  b i c a r b o n a t e  I n  t h e  

S o d a  S p r i n g s  a r e a .  T e m p e r a t u r e  I s  h i g h l y  c o r r e l a t e d  w i t h  

s o d i u m ,  p o t a s s i u m  a n d  c h l o r i d e ,  a n d  I s  p o o r l y  c o r r e l a t e d  w i t h  

c a l c i u m ,  m a g n e s i u m  a n d  b i c a r b o n a t e .  T h e s e  r e l a t i o n s h i p s  m a y  

b e  I n f l u e n c e d  b y  s o l u b i l i t i e s  o f  t h e s e  I o n s .  T h e  

s o l u b i l i t i e s  o f  s o d i u m  a n d  c h l o r i d e  I n c r e a s e  w i t h  t e m p e r a t u r e  
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Table V-5. Correlation coefficient matrix for the hydrochemical parameters: temperature, 
total dissolved solids (TDS), pH, calcium, magnesium, sodium, potassium, chloride, 
fluoride, bicarbonate, sulfate, and silica. 

Temp TDS pH Ca Mg Na K CI F hco3 S04 SiO 

Temp 1.00 .78 -.54 .54 .43 .88 .82 .86 .50 .47 .80 .72 

TDS 1.00 -.70 .88 .79 .77 .92 .64 .34 .88 .93 .71 

pll 1.00 -.57 -.60 -.62 -.62 -.54 .08 -.66 -.59 -.45 

Ca 1.00 .79 ,49 .76 .36 .04 .84 .86 .46 

Mg 1.00 .46 .67 .28 .01 .82 .71 .46 

Na 1.00 .82 .91 .51 .48 .78 .76 

K 1.00 .74 .44 .69 .90 .65 

CI 1.00 .50 .33 .68 .61 

F 
1.00 .08 .29 .39 

HC03 1.00 .71 .54 

so4 1.00 .69 

Si02 1.00 



w h e r e a s  c a l c i u m ,  m a g n e s i u m  a n d  s o d i u m  d e c r e a s e  w i t h  

t e m p e r a t u r e .  

T h e  n e x t  s t e p  o f  f a c t o r  a n a l y s i s  I s  t o  d e t e r m i n e  t h e  

f a c t o r  c o n s t r u c t s  n e e d e d  t o  a c c o u n t  f o r  t h e  p a t t e r n  o f  

v a r i a n c e s  o b s e r v e d  I n  t h e  c o r r e l a t i o n  m a t r i x .  T h e s e  f a c t o r s  

a r e  l i n e a r  c o m b i n a t i o n s  o f  t h e  o r i g i n a l  v a r i a b l e s .  D e t a i l s  

o f  t h i s  s t e p  o f  f a c t o r  a n a l y s i s  a r e  p r e s e n t e d  b y  B a g l l o  

( 1 9 8 3 ) .  T h e  f a c t o r  l o a d i n g s  I n d i c a t e  t h a t  t h e r e  a r e  

e s s e n t i a l l y  t w o  s e t s  o f  v a r i a b l e s  I n  t h e  d a t a  s e t :  o n e  

c h a r a c t e r i z e d  b y  T D S ,  c a l c i u m ,  m a g n e s i u m ,  b i c a r b o n a t e  a n d  

s u l f a t e  a n d  t h e  o t h e r  c h a r a c t e r i z e d  b y  s o d i u m ,  c h l o r i d e ,  

f l u o r i d e  a n d  t e m p e r a t u r e .  T h e  t o t a l  c o n t r i b u t i o n  o f  t h e  t w o  

f a c t o r s  I n  d e f i n i n g  t h e  v a r i a n c e  I n  t h e  d a t a  I s  e q u a l  t o  7 9 . 8  

p e r c e n t .  T h e  f a c t o r s  r e p r e s e n t  t h e  t w o  e n d  m e m b e r s  o f  

h y d r o c h e m I c a I  t y p e s  p r e s e n t  w i t h i n  t h e  s t u d y  a r e a .  T h e s e  

a r e :  1 )  c a l c i u m  p l u s  m a g n e s i u m  a n d  b i c a r b o n a t e  a n d  2 )  s o d i u m  

a n d  c h I  o r  I d e .  

C I u s t e r  A n a l y s i s .  C l u s t e r  a n a l y s i s  I s  a n  e x p l o r a t o r y  

m u l t i v a r i a t e  d a t a  a n a l  W s  t e c h n i q u e  u s e d  f o r  g r o u p i n g  a  

n u m b e r  o f  I n d i v i d u a l s  o r  s a m p l e s  b y  s e v e r a l  v a r i a b l e s  w i t h  

w h i c h  t h e y  a r e  m e a s u r e d .  A n  a g g I o m e r a  1 1  v e  ( h i e r a r c h i c a l ) ,  

p o l y t h e t l c  ( s e v e r a l  v a r i a b l e )  c l u s t e r i n g  t e c h n i q u e  w a s  u s e d  

f o r  t h I s  a n a l y s i s .  

T h i s  c l u s t e r  a n a l y s i s  w a s  p e r f o r m e d  w i t h  t h e  C L U S T E R  

p r o c e d u r e  a v a i l a b l e  f r o m  S A S  ( G o o d n i g h t  a n d  o t h e r s ,  1 9 7 9 ) .  
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T h e  v a r i a b l e s  u s e d  I n  t h e  a n a l y s i s  t o  d e f i n e  t h e  g r o u p s  w e r e  

t e m p e r a t u r e ,  s o d i u m ,  c h l o r i d e ,  c a l c i u m ,  m a g n e s i u m  a n d  

b i c a r b o n a t e .  T h e s e  s i x  v a r i a b l e s ,  a s  d e f i n e d  b y  t h e  f a c t o r  

a n a l y s i s ,  a r e  t h e  m o r e  s i g n i f i c a n t  I n  d e t e r m i n i n g  t h e  

h y d r o c h e m l c a I  t y p e s  o f  g r o u n d  v a t e r  f o u n d  t h r o u g h o u t  t h e  

s t u d y  a r e a .  A  d e n d r o g r a m  o f  t h e  r e s u l t a n t  c l u s t e r s  I s  

p r e s e n t e d  i n  F i g u r e  V-4. 

T h e  d e t e r m i n a t i o n  o f  t h e  c o r r e c t  n u m b e r  o f  c l u s t e r s  

w i t h i n  t h e  d a t a  a s  s u g g e s t e d  b y  E v e r e t t  ( 1 9 7 4 )  I s  

a c c o m p l i s h e d  b y  a n  e x a m i n a t i o n  o f  t h e  d e n d r o g r a m  f o r  l a r g e  

c h a n g e s  I n  t h e  c l u s t e r  d i a m e t e r  ( o r  m a x i m u m  d i s t a n c e  w i t h i n  a  

c l u s t e r )  b e t w e e n  s u c c e s s i v e  f u s i o n s .  T h e  l a r g e s t  c h a n g e  I n  

t h e  m a x i m u m  c l u s t e r  d i a m e t e r  I s  b e t w e e n  t h e  f o r m a t i o n  o f  3  

c l u s t e r s  a n d  2  c l u s t e r s .  

T h e s e  t h r e e  g r o u p s  a s  l a b e l e d  I n  F i g u r e  V - 4  r e p r e s e n t  

d i f f e r e n t  h  y  d  r  o  c  h err, I  c  a  I  t y p e s  d e t e r m i n e d  b y  t h e  s i x  

v a r i a b l e s .  G r o u p  1  r e p r e s e n t s  g r o u n d  w a t e r s  t h a t  a r e  

r e l a t i v e l y  w a r m ,  h i g h  I n  d i s s o l v e d  s o l i d s  a n d  d o m i n a t e d  b y  

c a l c i u m ,  c a l c i u m  p l u s  m a g n e s i u m ,  o r  m a g n e s i u m  p l u s  

b i c a r b o n a t e .  G r o u p  2  r e p r e s e n t s  g r o u n d  w a t e r s  t h a t  a r e  

r e l a t i v e l y  c o l d ,  l o w  i n  d i s s o l v e d  s o l i d s  a n d  d o m i n a t e d  b y  

c a l c i u m ,  c a l c i u m  p l u s  m a g n e s i u m ,  o r  m a g n e s i u m  b i c a r b o n a t e .  

G r o u p  3  r e p r e s e n t s  g r o u n d  w a t e r s  t h a t  a r e  r e l a t i v e l y  w a r m  o r  

h o t ,  m o d e r a t e  t o  h i g h  i n  d i s s o l v e d  s o l i d s  a n d  w i t h  h i g h e r  

s o d i u m  a n d  c h l o r i d e  c o n c e n t r a t i o n s  a l t h o u g h  n o t  n e c e s s a r i l y  

d o m i n a t e d  b y  t h e s e  t o n s .  
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M u l t i p l e  D i s c r i m i n a n t  A n a  l y s i s .  M u l t i p l e  d i s c r i m i n a n t  

a n a l y s i s  I s  a  c o n f i r m a t o r y  m u l t i v a r i a t e  d a t a  a n a l y s i s  

t e c h n i q u e  t h a t  t e s t s  w h e t h e r  t w o  o r  m o r e  g r o u p s  a r e  I n d e e d  

d i f f e r e n t .  T h e  a n a l y s i s  I s  b a s e d  o n  t h e  l i n e a r  d i s c r i m i n a n t  

f u n c t i o n  ( L D F ) .  T h e  a n a l y s i s  I n v o l v e s  t h e  d e r i v a t i o n  o f  a  

l i n e a r  c o m b i n a t i o n  o f  t h e  v a r i a b l e s  t h a t  w i l l  d i s c r i m i n a t e  

b e s t  b e t w e e n  a  p r i o r i  d e f i n e d  g r o u p s .  

T h e  d i s c r i m i n a n t  a n a l y s i s  w a s  p e r f o r m e d  b y  t h e  D I S C R I M  

p r o c e d u r e  o f  S A S  ( G o o d n i g h t  a n d  o t h e r s ,  1 9 7 9 ) .  T h e  s i x  

v a r i a b l e s  ( t e m p e r a t u r e ,  c a l c i u m ,  m a g n e s i u m ,  b i c a r b o n a t e ,  

s o d i u m  a n d  b i c a r b o n a t e ) ,  d e t e r m i n e d  b y  t h e  f a c t o r  a n a l y s i s  

a s  I m p o r t a n t  I n  c o n t r o l l i n g  v a r i a t i o n  a m o n g  t h e  s a m p l e s  a n d  

a l s o  u s e d  I n  t h e  c l u s t e r  a n a l y s i s ,  a r e  u s e d  f o r  t h i s  

a n a l y s i s .  E i g h t  s a m p l e s  ( B - 2 ,  B - 6 ,  B - 1 2 ,  B - 1 3 ,  B — 1 7 ,  B - 2 5 ,  

B - 2 7  a n d  S - 9 )  w e r e  i n c l u d e d  a s  u n g r o u p e d  s a m p l e s .  A  

d i s c r i m i n a n t  f u n c t i o n  w a s  d e r i v e d  f r o m  t h e  3 2  s a m p l e s  i n  

t h r e e  a  p r i o r i  d e f i n e d  g r o u p s  ( I . e .  g r o u p e d  b y  t h e  

c l u s t e r i n g  p r o c e d u r e ) .  T h e  f u n c t i o n  w a s  t h e n  u s e d  t o  

c l a s s i f y  t h e  u n g r o u p e d  s a m p l e s  I n t o  o n e  o f  t h e  t h r e e  g r o u p s  

( T a b l e  V  —  6 ) .  O f  t h e  a  p r i o r i  d e f i n e d  g r o u p s ,  7  s a m p l e s  w e r e  

I n  g r o u p  1 ,  1 6  s a m p l e s  w e r e  I n  g r o u p  2 . a n d  9  s a m p l e s  w e r e  i n  

g r o u p  3 .  T h e  e i g h t  u n g r o u p e d  s a m p l e s  f e l l  I n t o  t h e  s a m e  

g r o u p s  I n  w h i c h  t h e y  w e r e  c l a s s i f i e d  b y  t h e  c l u s t e r i n g  

p r o c e d u r e .  
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Table V-6. Comparison of geologic formations and structures with 
statistically derived hydrochemical groups. 

Sample 
Number 

I  -
I  § -O  u  I  o  

Discharge 
Temperature 

r e )  

B-l 40 
B-2 13 
B-3 15 
3-4 16 
6-5 13 
B-6 10 
3-7 29 
S-2 18 
S-3 28 

Associated Geologic Formation 

Quaternary 
Quaternary 
Quaternary 
Quaternary 
Quaternary 
Quaternary 
Quaternary 
Quaternary 
Quaternary 

basalt (thin) 
basalt (thin?) 
basalt (thin?) 
basalt (thin?) 
basalt (thin?) 
basalt (thin?) 
basalt (thin?) 
basalt 
basalt 

Associated Geologic 
Structure 

East Gem Valley fault 
East Gem Valley fault 
East Gem Valley fault 
West Bear Lake fault 
West Bear Lake fault 
West Bear Lake fault 

; 3-3 3 Tertiary Salt Lake 
: 3-9 7 Cambrian Blacksmith limestone 
•' B-10 5 Cambrian Nounan limestone 
: a-n 13 Cambrian St. Charles limestone 
; s-14 12 Quaternary alluvium (thin?) 

Triassic Thaynes limestone 
' 8-15 11 Quaternary alluvium (thin?) 
i 8-16 7 Cambrian Nounan limestone 

~ i B-l7 18 Quaternary alluvium (thin?) 
§• ! 3-13 6 Cambrian Nounan limestone 
e ;  3-19 9 Cambrian Bloomington limestone 
° ! 3-20 7 Cambrian 31acksmith limestone 

, £-21 8 Cambrian Brigham quartzite 
| 3-22 6 Cambrian Nounan limestone 
I B-23 6 Ordovician Garden City limestone 
1 3-24 9 Tertiary Salt Lake formation 
1 3-29 14 Ordovician Swan Peak quartzite 

3-32 15 Quaternary alluvium (thin?) 
:  s -9  21 Quaternary alluvium (thin?) 

% 
1  

West Gem Valley fault (?) 

West Gem Valley fault (?) 

! 3-12 10 
1 3-13 23 
i  B-25 40 
! B-26 39 

8-27 33 
8-23 22 r-> | 
3-30 30 a .  •  3  .  3-31 40 o  i _  S-7 34 C J  S-3 55 
S-10 4 0  
S - l l  75 
S-12 62 

Quaternary basalt 
Triassic Thaynes limestone 
Mississiopian Brazier limestone 
Mississippian Brazier limestone 
Mississippian Brazier limestone 
Ordovician Garden City limestone 
Quaternary alluvium (thin?) 
Quaternary alluvium (thin?) 
Quaternary alluvium (thin?) 
Quaternary alluvium (thin?) 
Quaternary alluvium (thin?) 
Cambrian 3righam quartzite 
Cambrian 3righam quartzite 

East Bear Lake fault 
East 3ear Lake fault 
East Bear Lake fault 
West Gem Valley fault 
West Gem Valley fault 
Mink Creek fault (?) 
West Gem Valley fault 
West Gem Valley fault 
West Gem Valley fault 
Highly faulted area at 
junction of Portneuf 
Range and Bear River 
Range 

* 
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T w o  o f  t h e  u n g r o u p e d  s a m p l e s  <  B  —  1 7  a n d  S - 9 )  h a d  

p o s t e r i o r  p r o b a b i l i t i e s  o f  m e m b e r s h i p  I n  g r o u p  1  o f  o n l y  . 6 1  

a n d  . 5 2 ,  r e p s e c t  i  v e  I  y .  T h e s e  s a m p l e s  h a d  p o s t e r i o r  

p r o b a b i l i t i e s  o f  m e m b e r s h i p  I n  g r o u p  3  o f  . 3 9  a n d  . 4 8 ,  

r e s p e c t i v e l y .  T h e  p h y s i c a l  a n d  c h e m  l e a l  c h a r a c t e r i s t i c s  o f  

t h e s e  s p r i n g s  s u g g e s t  t h a t  t h e y  m a y  b e  t h e  r e s u l t  o f  m i x i n g  

o f  t h e  t h e r m a l  w a t e r s  i n  g r o u p  3  a n d  t h e  n o n t h e r m a l  w a t e r s  o f  

g r o u p  1 .  

D i s c u s s i o n  £ l  R e s u I t s  

Q u a n t i t a t i v e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  h y d r o c h e m I c a I  

d a t a  u s i n g  t h e  v a r i a b l e s  o f  t e m p e r a t u r e ,  c a l c i u m ,  m a g n e s i u m ,  

b i c a r b o n a t e ,  s o d i u m  a n d  c h l o r i d e  h a s  r e s u l t e d  I n  t h e  

e s t a b l i s h m e n t  o f  t h r e e  g r o u p s  o f  g r o u n d  w a t e r  d i s c h a r g e s  w i t h  

d i f f e r i n g  c h e m i c a !  c h a r a c t e r .  T w o  o f  t h e s e  t h r e e  g r o u p s  

r e p r e s e n t  t h e r m a l  g r o u n d  w a t e r  s y s t e m s  a n d  t h e  o t h e r ,  t h e  

l a r g e s t  g r o u p ,  r e p r e s e n t s  t h e  n o n - t h e r m a l  g r o u n d  w a t e r  

s y s t e m s  o f  t h e  a r e a  ( T a b l e  V  —  7 ) .  

T h e  a r e a l  d i s t r i b u t i o n  o f  t h e  t h r e e  g r o u p s  I s  p r e s e n t e d  

I n  F i g u r e  V - 5 .  T h e  m a j o r  I o n  c o n c e n t r a t i o n s  a r e  I l l u s t r a t e d  

f o r  e a c h  s i t e  u t i l i z i n g  S t i f f  d i a g r a m s .  T h e  p a t t e r n s  

g r a p h i c a l l y  r e p r e s e n t  t h e  m a j o r  I o n s  I n  m  I  I  I  I  e q u I v a I e n t s  p e r  

l i t e r  o n  t h r e e  p a r a l l e l  a x e s .  
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Table V-7. Summary of physical and chemical 
and wells in southeastern Idaho 

characteristics of springs 

§ 

Group 1 

(Nonthermal) 

Group 2 

(Soda Springs 

Group 3 
Group 1 

(Nonthermal) 

Group 2 

(Soda Springs I (Gem Valley (Bear Lake and 
Cache Valleys) 

Number of 
Samples 

19 9 7 5 

• 

i 

Mean 
Surface 
Temp. (°C) 

10 20 45 35 • 

Elevation 
Range (m) 

1370 -
2000 

1710 -
1880 

1500 -
1530 

1380 -
1820 • 

Approximate 
Combined 
Discharge 
Rate (1/s) 

3500 190 300 30 
««»• 

• 

Mean TDS 
(mg/1) 

370 3230 2160 1520 

Predominant 
Ions 

Ca+2+ HCOi Ca^ HCOi 
Ca+2+ HCOi 

Na+ + CI" 

+2 .2 
Ca + SOt, 

Na+ + CI" 

• 

Predominant 
Discharge 
Control 

Stratigraphic 
and 

Structural 
Structural Structural Structural • 

V  

Remarks Active 
Travertine 
Deposition 

Inactive 
Travertine 
Deposits 

• 
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£r£jm.d W a t e r  F I  o w  P a t t e r n s  

T h e  p a t t e r n s  o f  g r o u n d  w a t e r  f l o w  a r e  d e s c r i b e d  I n  t h i s  

s e c t i o n  f o r  t h e  t h r e e  m a j o r  g r o u p s  o f  d i s c h a r g e s  d e l i n e a t e d  

b y  a n a l s y s l s  o f  c h e m i c e !  d a t a .  T h e s e  g r o u p s  a r e :  1 )  t h e  

n o n - t h e r m a l  s y s t e m s  t h r o u g h o u t  t h e  r e g i o n ,  2 )  t h e  S o d a  

S p r i n g s  g r o u p ,  a n d  3 )  t h e  G e m  V a l l e y  g r o u p .  I s o l a t e d  t h e r m a l  

d i s c h a r g e s  w i t h i n  t h e  s t u d y  a r e a  I n  B e a r  R i v e r  V a l l e y  a n d  

C a c h e  V a l l e y  a r e  d i s c u s s e d  s e p a r a t e l y .  

MQUzIii££iD£l Systems 

T h e  o c c u r r e n c e ,  d i s t r i b u t i o n ,  a n d  p o t e n t i a l  f o r  

d e v e l o p m e n t  o f  r e g i o n a l  s h a l l o w ,  n o n - t h e r m a l  g r o u n d  w a t e r  

s y s t e m s  w i t h i n  t h e  m a j o r  b a s i n s  o f  t h e  a r e a  h a v e  b e e n  

d i s c u s s e d  I n  d e t a i l  b y  p r e v i o u s  I n v e s t i g a t o r s .  T h e s e  s h a l l o w  

s y s t e m s  o c c u r  p r i m a r i l y  i n  b a s a l t  a n d  a l l u v i u m ,  a n d  h a v e  b e e n  

e x t e n s i v e l y  d e v e l o p e d  a s  w a t e r  s u p p l i e s  t h r o u g h o u t  t h e  

r e g i o n .  G r o u n d  w a t e r  i n  t h e  m o u n t a i n o u s  a r e a s  h a s  n o t  b e e n  

e x a m i n e d  I n  d e t a i l  b e c a u s e  o f  a m p l e  w a t e r  s u p p l i e s  I n  t h e  

v a l l e y s .  M o s t  o f  t h e  n o n - t h e r m a l  s p r i n g s  s a m p l e d  d u r i n g  t h i s  

s t u d y  a r e  l o c a t e d  a l o n g  t h e  f l a n k s  a n d  f o o t h i l l s  o f  t h e  

r a n g e s .  

G r o u n d  w a t e r  f l o w  p a t h s  I n  t h e  c a r b o n a t e  r o c k s  o f  t h e  

B e a r  R i v e r  R a n g e  a r e  p r o b a b l y  l o c a l i z e d  b y  s o l u t l o n a l  

m o d i f i c a t i o n  I n t o  w e l l  I n t e g r a t e d  s y s t e m s  o f  c o n d u i t s .  

D i s c h a r g e  o c c u r s  a t  t h e  m a n y  l a r g e  s p r i n g s  s u r r o u n d i n g  t h e  
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r a n g e .  T h e  B r l g h a m  q u a r t z l t e  I m p e d e s  d o w n w a r d  m o v e m e n t  o f  

g r o u n d  w a t e r ,  a n d  t h e  b r o a d  s y n c l i n a l  s t r u c t u r e  o f  t h e  r a n g e  

d i r e c t s  t h e  m o v e m e n t  o f  g r o u n d  w a t e r  t o w a r d s  t h e  f l a n k s  o f  

t h e  r a n g e .  T h e  n o r t h e r n  e n d  o f  t h e  B e a r  R i v e r  R a n g e  I s  a n  

e a s t w a r d  d i p p i n g  m o n o c l i n e ;  o n l y  o n e  l a r g e  s p r i n g  e x i s t s  I n  

t h i s  a r e a ,  I n d i c a t i n g  t h a t  d e e p e r  c i r c u l a t i o n  m a y  o c c u r .  

R e c h a r g e  t o  t h e s e  s y s t e m s  o c c u r s  b y  I n f i l t r a t i o n  o f  

p r e c i p i t a t i o n  ( p r i m a r i l y  s n o w m e l t )  a n d  b y  r u n o f f  d r a i n i n g  

I n t o  a  n u m b e r  o f  s i n k h o l e s  a n d  c l o s e d  b a s i n s .  

ipr I ngs G r o u p  

T h e  t h e r m a l  a n d  n o n - t h e r m a l  d i s c h a r g e s  o f  t h e  S o d a  

S p r i n g s  s y s t e m  p r o b a b l y  c o m p r i s e  s e v e r a l  f l o w  s y s t e m s .  

S p r i n g s  a r e  l o c a t e d  o n  t h e  s o u t h ,  e a s t ,  a n d  w e s t  s i d e s  o f  

S o d a  S p r i n g s  H i l l s .  T h e  s p r i n g s ,  h o w e v e r ,  m u s t  h a v e  s i m i l a r  

h y d r o g e o I o g I c  e n v i r o n m e n t s  a t  d e p t h  b e c a u s e  o f  t h e i r  s i m i l a r  

h y d r o c h e m I c a I  c h a r a c t e r i s t i c s  a n d  l i m i t e d  a r e a l  d i s t r i b u t i o n .  

T h e  u n i q u e  h y d r o c h e m I s t r I e s  o f  t h e s e  s p r i n g s  a n d  w e l l s  a r e  

t h e  r e s u l t  o f  h i g h  c a r b o n  d i o x i d e  c o n c e n t r a t i o n s  I n  t h e  

g r o u n d  w a t e r .  

L a n g  (  1 9 5 9 )  s t u d i e d  t h e  1 ^ C/ 1 3 Q I s o t o p l c  a b u n d a n c e  

r a t i o s  o f  s e v e r a l  c a r b o n  d i o x i d e  g a s  s o u r c e s  t h r o u g h o u t  t h e  

c o u n t r y ,  I n c l u d i n g  S o d a  S p r i n g s ,  t o  d e t e r m i n e  t h e  o r i g i n s  o f  

t h e  g a s e s .  T h e  ^ C / ^ C  I s o t o p l c  r a t i o s  f o r  t h e  c a r b o n  I n  t h e  

c a r b o n  d i o x i d e  g a s  f r o m  S o d a  S p r i n g s  w a s  8 9 . 9 ,  I n d i c a t i n g  a  

m a r i n e  c a r b o n a t e  s o u r c e  f o r  t h e  c a r b o n .  
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T h e  C  v a l u e s  f o r  c a r b o n  d i s s o l v e d  I n  t h e  s a m p l e s  f r o m  

C o r r a l  C r e e k  ( B - 1 )  ( M a y o ,  1 9 8 2 ) ,  S o d a  S p r i n g s  G e y s e r  ( B — 7 ) ,  

B l a c k f o o t  R i v e r  W a r m  S p r i n g  ( S — 2 ) ,  a n d  a  s p r i n g  I n  G e m  V a l l e y  

( B — 4 )  ( S o u d e r ,  1  9 8 3  )  w e r e  + 2 . 2 ,  + 5 . 6 ,  + 2 . 1 ,  a n d  + 2 . 2 ,  

r e s p e c t i v e l y .  T h e s e  v a l u e s ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  

t h e  S o d a  S p r i n g s  G e y s e r  w h i c h  m a y  b e  h i g h ,  a r e  a l l  i n  t h e  

r a n g e  o f  c a r b o n  f r o m  m a r i n e  c a r b o n a t e  r o c k .  

T h e  d i f f e r e n c e  i n  m a j o r  i o n  a n d  T D S  c o n c e n t r a t i o n s  o f  

t h e  s p r i n g s  a n d  w e l l s  I n  t h e  S o d a  S p r I n g s / B I a c k f o o t  L a v a  

F i e l d  a r e a s  a r e  p r o b a b l y  t h e  r e s u l t  o f  d i f f e r e n c e s  I n  C O ?  

I n p u t  t o  t h e  s y s r e m s  a n d  t h e  s u c c e e d i n g  r o c k / w a t e r  

I n t e r a c t i o n s .  T h e  c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  h i g h  T D S  

s i t e s  ( S - 2 ,  S - 3 ,  B - 1 ,  B - 7 )  a r e  a l l  s i m i l a r  i n d i c a t i n g  s i m i l a r  

h y d r o g e o c h e m I c a I  e n v i r o n m e n t s  a t  d e p t h .  T h e  d i s c h a r g e s  a l l  

o c c u r  a l o n g  t e a r  f a u l t s  a s s o c i a t e d  w i t h  t h e  P a r i s  t h r u s t  

f a u l t ,  a n d  a l l  o c c u r  w h e r e  t h e  s u r f i c i a l  c o v e r s  ( b a s a l t s  a n d  

u n c o n s o l i d a t e d  s e d i m e n t s )  a r e  t h i n .  T h e  s p r i n g s  a n d  w e l l s  

a l s o  o c c u r  i n  a s s o c i a t i o n  w i t h  P a l e o z o i c  o r  M e s o z o i c  

c a r b o n a t e  r o c k s .  

T h e  c h e m i c a l  c h a r a c t e r I s t I c s  o f  t h e  S o d a  S p r i n g s  a r e a  

d i s c h a r g e s ,  n e v e r t h e l e s s ,  a r e  I n d i c a t i v e  t h a t  b o t h  t h e  g r o u n d  

w a t e r  f l o w  p a t t e r n s  a n d  h y d r o c h e m I c a I  e v o l u t i o n s  o f  t h e s e  

s y s t e m s  a r e  c o m p l e x .  R e c h a r g e  t o  t h e s e  s y s t e m s  m o s t  l i k e l y  

o c c u r s  I n  t h e  C h e s t e r f i e l d  R a n g e  a n d  S o d a  S p r i n g s  H i l l s .  

G r o u n d  w a t e r  s y s t e m s  p r o b a b l y  f l o w  t h r o u g h  t h e  s e d i m e n t a r y  

s t r a t a  o f  t h e  r a n g e s  u n t i l  I n t e r c e p t e d  b y  p e r m e a b l e  f a u l t  
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z o n e s ,  w h e r e  f l o w  I s  d i r e c t e d  t o w a r d s  t h e  s u r f a c e .  D e e p  f l o w  

s y s t e m s  m a y  a l s o  o c c u r  I n  t h e  b a s l n - f l l l  s e d i m e n t s  u n d e r  t h e  

b a s a l t s  o f  t h e  B l a c k f o o t  L a v a  F i e l d .  T h e  o c c u r r e n c e  o f  s u c h  

s y s t e m s ,  h o w e v e r ,  h a s  n o t  b e e n  c o n f i r m e d .  

G e m  V a I  l e y  G r o u p  

T h e  d i s c h a r g e s  a r e  c o n f i n e d  t o  t h e  w e s t  s i d e  o f  G e m  

V a l l e y  a l i g n e d  a l o n g  t h e  W e s t  G e m  V a l l e y  f a u l t  a n d  a l s o  o c c u r  

I n  t h e  n a r r o w s  a t  t h e  s o u t h e r n  e n d  o f  t h e  v a l  l e y  n e a r  t h e  

j u n c t i o n  o f  t h e  B e a r  R i v e r  a n d  P o r t n e u f  R a n g e s .  T h e  s p r i n g s  

o f  t h i s  g r o u p  d i s c h a r g e  p r i m a r i l y  f r o m  O r d o v t c l a n  a n d  

C a m b r i a n  s t r a t a .  T h e  n o r t h e r n m o s t  s p r i n g  ( B - 2 8 )  o c c u r s  j u s t  

b e l o w  t h e  s o u t h e r n  t e r m l n o u s  o f  t h e  G e m  V a l l e y  b a s a l t s .  

S p r i n g s  I n  t h e  G e m  V a l l e y  e v o l v e  h y d r o c h e m I c a I  I y  f r o m  

c a l c i u m  a n d  b i c a r b o n a t e  w a t e r  a t  t h e  n o r t h e r n  s i t e s  ( B - 2 8 ,  

B - 3 0 ,  S - 7 )  t o  s o d i u m  a n d  c h l o r i d e  w a t e r  a t  t h e  s o u t h e r n  s i t e s  

( S - 8 ,  S -  1  0  ,  S  —  I  1  ,  S  —  1 2 )  .  T h e  s o d i u m  a n d  c h l o r i d e  

c o n c e n t r a t i o n s  I n c r e a s e  p r o g r e s s i v e ! , ,  s o u t h w a r d .  S u r f a c e  

t e m p e r a t u r e s  o f  t h e  s p r i n g s  a l s o  I n c r e a s e  s o u t h w a r d  f r o m  2 2 ° C  

a t  s p r i n g  B - 2 8  t o  7 5 ° C  a t  M a p l e  G r o v e  H o t  S p r i n g  ( S - 1 1 ) .  

T r a v e r t i n e  I s  a s s o c i a t e d  w i t h  a l l  t h e  s p r i n g s .  M o u n d  V a l l e y  

W a r m  S p r i n g  ( S - 7 )  h a s  d e v e l o p e d  a  t r a v e r t i n e  m o u n d  3 0  m  h i g h ;  

a l t h o u g h ,  t h e  s p r i n g  I s  n o t  p r e s e n t l y  d e p o s i t i n g  a n y  

t r a v e r t i n e .  S p r i n g s  S - 8 ,  S  —  1 0 ,  a n d  S - 1 1  a p p e a r  t o  b e  

a c t i v e l y  d e p o s i t i n g  t r a v e r t i n e .  
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T h e  g r a d u a l  a n d  p r o g r e s s i v e  I n c r e a s e  i n  s o d i u m  a n d  

c h l o r i d e  c o n c e n t r a t i o n s  w i t h  I n c r e a s i n g  w a t e r  t e m p e r a t u r e  

f r o m  n o r t h  t o  s o u t h  a l o n g  t h e  W e s t  G e m  F a u l t  s u g g e s t s  t h a t  

s i m i l a r  m e c h a n i s m s  a r e  c o n t r o l l i n g  t h e  h y d r o c h e m i c a l  

c h a r a c t e r i s t i c s  o f  t h e s e  s p r i n g s .  T h e  m e c h a n i s m s  c a u s i n g  

t h i s  t r e n d  m a y  b e  m i x i n g  p h e n o m e n a ,  c a r b o n a t e  e q u i l i b r i a ,  o r  

n a t u r a l  h y  d r o c h e r r .  i  c a  I  e v o l u t i o n .  

R e c h a r g e  t o  t h e  s p r i n g  s y s t e m s  a l i g n e d  a l o n g  t h e  W e s t  

G e m  V a l l e y  F a u l t  p r o b a b l y  o c c u r s  I n  t h e  P o r t n e u f  R a n g e .  T h e  

g r o u n d  w a t e r  p r o b a b l y  f l o w s  t h r o u g h  t h e  l o w e r  P a l e o z o i c  

s t r a t a  o f  t h e  r a n g e  u n t i l  I n t e r c e p t e d  a n d  d i r e c t e d  t o  t h e  

s u r f a c e  b y  t h e  f a u l t .  D e p t h s  o f  c i r c u l a t i o n  o f  t h e s e  s y s t e m s  

m a y  I n c r e a s e  s o u t h w a r d  i n  a c c o r d a n c e  w i t h  t h e  I n c r e a s i n g  

t e m p e r a t u r e s  o f  t h e  s u r f a c e  d i s c h a r g e s .  R e c h a r g e  t o  t h e  

t h e r m a l  s y s t e m s  l o c a t e d  I n  t h e  f a u l t e d  a n d  f r a c t u r e d  a r e a  a t  

t h e  J u n c t i o n  o f  t h e  B e a r  R i v e r  a n d  P o r t n e u f  R a n g e s  m a y  o c c u r  

I n  e i t h e r  t h e  B e a r  R i v e r  o r  P o r t n e u f  R a n g e s .  

I  s o  I  a t e d  T h e r m a l  D I  s e n  a r s e s  

T h e r m a l  d i s c h a r g e s  w i t h i n  t h e  s t u d y  a r e a  f o r  w h i c h  

I n s u f f i c i e n t  d a t a  p r e v e n t  d e s c r i p t i o n s  o f  t h e  s y s t e m s  o c c u r  

I n  t h e  B e a r  L a k e  a n d  C a c h e  V a l l e y s .  T h e s e  d i s c h a r g e s  a r e  t h e  

P e s c a d e r o  W a r m  S p r i n g  ( B — 1 3 )  a n d  a  g r o u p  o f  s p r i n g s  a t  B e a r  

L a k e  H o t  S p r i n g s  ( B - 2 5 ,  B - 2 6 ,  B - 2 7 )  I n  t h e  B e a r  L a k e  V a l l e y ,  

a n d  o n e  o f  s e v e r a l  t h e r m a l  w e l l s  ( B - 3 1 )  i n  t h e  c o m m u n i t y  o f  

R l v e r d a l e  I n  t h e  n o r t h e r n  C a c h e  V a l l e y .  
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C H A P T E R  V I  

H Y D R O C H E M I S T R Y  O F  T H E R M A L  F L O W  S Y S T E M S  

I  n t r o d u c t I o n  

T h i s  p o r t i o n  o f  t h e  s t u d y  i s  a n  e x a m i n a t i o n  o f  t h e  

h y d r o c h e m i s t r y  o f  t h e  t h e r m a l  w a t e r s  w i t h i n  a  b r o a d  r e g i o n  

I n c l u d i n g  p o r t i o n s  o f  s o u t h e a s t e r n  I d a h o ,  w e s t e r n  W y o m i n g  

a n d  n o r t h e r n  U t a h  ( F i g u r e  V I - 1 ) .  T h i s  s t u d y  a r e a  I n c l u d e s  

t h e  s u b a r e a s  d e s c r i b e d  I n  C h a p t e r s  I I I ,  I V  a n d  V  p l u s  

a d d i t i o n a l  a r e a s  o n  a l l  s i d e s .  F o r  p u r p o s e s  o f  t h i s  s t u d y ,  

1 5 ° C  w a s  d e f i n e d  a s  t h e  l o w e s t  t e m p e r a t u r e  d e s c r i b e d  a s  

t h e r m a l .  T h e  p u r p o s e  o f  t h i s  p o r t i o n  o f  t h e  s t u d y  I s  t o  

p r o v i d e  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  g e o t h e r m a l  f l o w  

s y s t e m s  i n  t h e  t h r u s t  b e l t  a n d  a d j a c e n t  a r e a s  t h r o u g h  a n  

a n a l y s i s  o f  t h e  h y d r o c h e m i s t r y  o f  t h e  t h e r m a l  w a t e r s .  

T h e  s t u d y  a r e a  i s  r o u g h l y  b o u n d e d  b y  t h e  m a r g i n  o f  t h e  

S n a k e  R i v e r  P l a i n  o n  t h e  n o r t h w e s t ,  l a t i t u d e  4 4 °  0 0 '  o n  t h e  

n o r t h ,  l o n g i t u d e  1 1 0 °  3 0 '  o n  t h e  w e s t ,  l a t i t u d e  4 1 °  3 0 '  o n  

t h e  s o u t h ,  a n d  l o n g i t u d e  1 1 3 °  3 0 '  o n  t h e  e a s t .  T h i s  

I n c l u d e s  a n  a r e a  o f  a p p r o x i m a t e l y  5 2 , 0 0 0  s q u a r e  k i l o m e t e r s .  

T h i s  a r e a  I s  d r a i n e d  o n  t h e  n o r t h  a n d  e a s t  b y  t h e  S n a k e  

R i v e r  a n d  I t s  t r i b u t a r i e s  t h e  R a f t ,  P o r t n e u f ,  B l a c k f o o t ,  

T e t o n ,  a n d  S a l t  r i v e r s .  T o  t h e  s o u t h ,  t h e  s t u d y  a r e a  I s  

d r a i n e d  p r e d o m i n a n t l y  b y  t h e  B e a r  R i v e r  w h i c h  f l o w s  I n t o  t h e  

G r e a t  S a l t  L a k e .  

253 



Figure VI-1. Data sources and subareas 
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T h e  m a j o r  m o u n t a i n  r a n g e s  a r e  n o r t h - s o u t h  t r e n d i n g  I n  

t h e  w e s t e r n  a n d  s o u t h e r n  p o r t i o n s  o f  t h e  s t u d y  a r e a ,  a n d  

n o r t h w e s t - s o u t h e a s t  t r e n d i n g  I n  t h e  n o r t h e a s t e r n  p o r t i o n  o f  

t h e  a r e a .  T h e s e  r a n g e s  I n c l u d e  ( f r o m  w e s t  t o  e a s t ) :  t h e  

R a f t  R i v e r  R a n g e ,  t h e  S u b l e t t e  R a n g e ,  t h e  H a n s e l  M o u n t a i n s ,  

t h e  B a n n o c k  R a n g e ,  t h e  P o r t n e u f  R a n g e ,  t h e  B e a r  R i v e r  R a n g e ,  

t h e  W a s a t c h  R a n g e ,  t h e  B l a c k f o o t  M o u n t a i n s ,  t h e  C a r i b o u  

R a n g e ,  t h e  S n a k e  R i v e r  R a n g e ,  t h e  S a l t  R i v e r  R a n g e ,  a n d  t h e  

T u n p  R a n g e  ( F i g u r e  V  I  —  2 ) .  T h e  s t u d y  a r e a  l i e s  w i t h i n  t h e  

B a s i n  a n d  R a n g e  a n d  t h e  M i d d l e  R o c k y  M o u n t a i n  p h y s i o g r a p h i c  

p r o v i n c e s  a n d  i s  b o r d e r e d  b y  t h e  S n a k e  R i v e r  P l a i n  ( o n  t h e  

n o r t h w e s t )  a n d  G r e e n  R i v e r  B a s i n  o n  t h e  e a s t .  E l e v a t i o n  i n  

t h e  v a l l e y s  v a r i e s  f r o m  a b o u t  1 5 0 0  t o  1  9 0 0  m .  M o u n t a i n s  

t y p i c a l l y  a r e  a b o u t  2 3 0 0  m  h i g h ,  w i t h  t h e  m a x i m u m s  b e i n g  

n e a r  3 1 0 0  m  I n  s e v e r a l  l o c a t i o n s .  

Regiona 1 Hy.drQ.g9Q I og 1 c -Setting 

T h e  g e o l o g i c  d e v e l o p m e n t  o f  t h e  s t u d y  a r e a  h a s  o c c u r r e d  

i n  a t  l e a s t  t h r e e  m a j o r  s t a g e s :  1 )  d e p o s i t i o n  o f  a b o u t  

t w e n t y  k i l o m e t e r s  o f  m a r i n e  s e d i m e n t s  I n  a  m l o g e o s y n c I  I n e  

d u r i n g  P a l e o z o i c  t i m e  ( A r m s t r o n g  a n d  O r i e l ,  1 9 6 5 ) ,  2 )  

f o l d i n g  a n d  t h r u s t i n g  o f  t h i s  m a t e r i a l  a l o n g  a  n o r t h - s o u t h  

t o  n o r t h w e s t - s o u t h e a s t  a x i s  d u r i n g  M e s o z o l c  t i m e ,  a n d  3 )  

B a s i n  a n d  R a n g e  s t y l e  b l o c k  f a u l t i n g  d u r i n g  C e n o z o l c  t i m e  

c o n t i n u i n g  t o  t h e  p r e s e n t .  T h e  e a s t e r n  p o r t i o n  o f  t h e  s t u d y  
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Figure VI-2. Major geologic structures in southeastern Idaho, 
northern Utah and western Wyoming 
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a r e ,  „  c h a r a c t e r  I  z e e  b y  t h r u s t  a n d  t o l d  f e a t u r e s  w i t h o u t  

m a j o r  n o r m a l  f a u l t , a g .  T h e s e  f e a t u r e s  h a v e  b e e n  d e s c r i b e d  

C h a p t e r s  I I I ,  | y  a n d  V .  T h e  e a s t e r n  a n d  s o u t h - c e n t r a l  

p o r t i o n s  o f  t h e  s t u d y  a r e a  a r e  c h a r a c t e r i z e d  b y  B a s i n  a n d  

R a n g e  s t y l e  m o u n t a i n s  a n d  v a l l e y s .  T h e  n o r m a l  f a u l t s  w h i c h  

' a "  C r e a t S d  < " o c k  m o u  n t a I n s  a r e  t h o u g h t  t o  r e a c h  

g r e a t  d e p t h s .  

£EAa£n±a±l£ji qI Chemical and P h v s t r ^ i  p a t a  

I n t r n d u c f | f f p  

T h i s  s e c t i o n  b r i n g s  t o g e t h e r  I n f o r m a t i o n  o n  t h e  

c h a r a c t e r i s t i c s  o f  t h e r m a l  s i t e s  w i t h i n  t h e  I d a h o - W y o m i n g  

t h r u s t  b e l t ,  a n d  s e l e c t e d  d a t a  f r o m  a d j a c e n t  a r e a s .  T h e  

c o n t r i b u t i o n s  o f  v a r i o u s  a g e n c i e s  a n d  p a r t i c i p a n t s  I n  t h i s  

p r o j e c t  a r e  a c k n o w l e d g e d  I n  T a b l e  V 1 - 1 .  T h e  l e t t e r  p r e f i x  

to the site number Indicates the sampling agency or sub-area 

w i t h i n  t h e  p r o j e c t .  s i t e s  a r e  l i s t e d  b y  a g e n c y  a n d  

g e n e r a l l y  o r d e r  f r o m  n o r t h  t o  s o u t h .  S p r i n g  o r  w e l l  

l o c a t i o n s  a r e  I n d i c a t e d  I n  t h e  s e c o n d  c o l u m n  a c c o r d i n g  t o  

t h e  s y s t e m  u s e d  b y  I O W R  and the United States Geological 

S u r v e y  « „ S 8 „ .  I t  l s  ^  ^  ̂  

v i s i o n s  o f  l a n d s  I n  t h e  r e s p e c t i v e  s t a t e s  ( M i t c h e l l  a n d  

o t h e r s ,  1 9 8 0 ) .  A n  S  f o l l o w i n g  t h e  l o c a t i o n  n u m b e r  I n d i c a t e s  

t h a t  t h e  s i t e  I s  a  s p r i n g .  m  a l ,  o t h e r  c a s e s  t h e  s i t e  

represented i s  a we I I. 
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Table VI-1. Sources of water quality data used in 

Prefix Agency or Sampler 

2S Karl Soudor - 19R1 field season 

AQ American Quasar 

H Joel llubboll 

M Alan Mayo 
r o  
TO B Joseph Baglio 

S Karl Souder - 1980 

R U.S. Department of Energy 

I Idaho Department of Water Resources 

W Geological Survey of Wyoming 

U Utah Geological and Mineral Survey 

this report. 

Sub-area or Data Type 

Teton Valley and miscellaneous springs 

Oil wol1 data 

Northern sub-area (chapter III) 

Meade Peak sub-area (chapter IV) 

Southern sub-area (chapter v) 

Western sub-area 

Raft River site 

Other Idaho sites 

Western Wyoming sites 

Northern Utah sites 



ftal&r. Qiiflllly Da±a 

Water quality data are presented in Table VI-2. 

Constituents are expressed in milligrams per liter and In 

parentheses, In mI I IiequIvaIents per liter. All 

concentrations have been rounded to two significant figures. 

Concentrations shown as zero are below the level of 

detection. Spaces for which no value Is found Indicate that 

the analysis was not performed or was not available. 

Data taken from American Quasar (prefix AQ) oil wells 

are from drill stem test samples or from down-hole samplers. 

Drill stem test samples may not be representative of the 

actual formation water. Samples taken from as close to the 

tool as possible or from the sampler were taken to be most 

representative of the formation water. 

The figure shown for silica (S10 2) In Table VI-2 Is the 

value obtained by atomic absorption spectrometry for total 

silica. Silica actually exists as H 4 S I O 4  or to a much 

lesser extent, H3SI04 at typical pH values for these waters 

(Hem, 1970). 

finical CJiaj:fl£±aris±l£5 Q± Xhsriua-L s?tes 

The geologic setting and physical characteristics of 

spring and well sites are described In Table V  I -  3  . The 

geologic formation or structure from which a spring occurs 

is described wherever possible. In some cases this 

I n f o r m a t i o n  I s  l a c k i n g  d u e  t o  m a n t l i n g  b y  a l l u v i u m  o r  b y  
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Table V I - 2 .  Hydrochemical data for thermal springs and wells of the study area. 

ro CTl 
o  

Sample 
Number 

AQ-1 

AO-2 

AQ- 3 

AQ-4 

AQ-5 

Name and locat ion 

26-1 Cook 
5N 44F. 26ba 
2497*-2584'  interval  

26-1 Cook 
5N 441 26ba 
2962'-2997'  interval  

26-1 Cook 
SN 441 26ha 
4210'-4230'  interval  

Black Mountain Federal  #1 
3S 45E 36cc 
13,550'-13,703'  interval  

2-1 King 
2S 41C 2bc 
8550'-8660'  interval  

Water Speci f ic  
Temp. Conductance TDS 

°C ( i imho/cm) (m' l /1)  I ' l l  Ca 

4 6  

49 

70 

116 

3900 8.3 61 
(3.0) 

640 7.9 76 
(3.8) 

590 7.5 58 
(2.9) 

2.1000 6.9 130 
(6.5) 

28O00 7.4 430 
( 2 2 )  

Mg 

22 
( 1 . 8 )  

19 
( 1 6 )  

1 2  
( 1 . 0 )  

6 
(0.6) 

46 
(3.8) 

Concentrat ion 

Na K 

in mq/1 (meg/1) 

CI HC0. 

1200 
(53) 

21 
(0.5) 

100 20 
(4.5) (0.6) 

100 
(4.6) 

8600 
(  370) 

9400 
(410) 

31 
( 0 . 8 )  

490 
( 1 2 )  

470 
( 1 ? )  

30 590 
(0.8) (9.6) 

14 244 
(0.4) (4.0) 

50 150 
(1.4) (2.4)  

11000 2300 
(10(1) (30) 

6900 3300 
(190) (54) 

SO, 

2200 
(46) 

Sin., 

280 
(5.9) 

260 
(6.4) 

2800 
(69) 

9400 
(200) 

AQ-6 2-1 King 
2S 41E 2be 
11 ,375'-11,519'  interval  

160 52000 6.6 170 
(8.6) 

43 
(3.5) 

19000 
(810) 

2100 
(53) 

27000 
(770) 

4000 
(66) 

1800 
(37) 

AQ-7 2-1 King 
2S 41E 2bc 
1Z,830'-12,884'  Interval  

249 50000 8,0 210 
(10) 

0 
(0) 

18000 
(760) 

2600 
(66) 

26000 
(  730) 

4500 
(74) 

1800 
(36) 

Aq-n North Eden Federal  21-11 
16S 45E 21aa 
8214'-8469'  interval  

92 19000 9.8 39 
(2.0) 

2 
(0.2) 

6500 
(280) 

130 
(3.2) 

600 
(17) 

3100'  
(51) 

1  

11000 
(220) 

AQ-9 22-1 Jensen 
13S 44E 22cc 
10,900'-10,931'  interval  

74 29000 10.5 30 
(1-5) 

0 
(0) 

B400 
(370) 

93 
(2.4) 

1100 
(31) 

7000 
(110) 

11000 
(220) 

2S1 0.  J.  Neeley Wei 1 
7N 43E 30ccc 

22 450 360 7.4 51 
(2.5) 

23 
(1.9) 

19 
(0.8) 

2.6 
(0.1) 

61 
(1.7) 

150 
(2.5) 

24 
(0.5) 

34 

2S2 Walz Warm Spr ing 
5N 43E 7acS 

35 690 630 7.3 120 
(5.9) 

31 
(2.6) 

3.3 
(0.1) 

4.0 
(0.1) 

26 
(0.7) 

160 
(2.6) 

260 
(5.4) 

22 

2S3 St inking Spr ing 
3N 41E lObbbS 

20 180 220 6.9 26 
(1.3) 

7.2 
(0.6) 

7.1 
(0.3) 

3.2 
(0.1) 

19.7 
(0.5) 

n o  
(1.8) 

6 
(0.1) 

47 

2S4 Taylor Warm Spr ing 
3N 44E 7baaS 

21 .340 310 6.8 49 
(2.4) 

19 
(1.6) 

2.0 
(0.1) 

1.8 
(0.0) 

18 
(0.5) 

170 
(2.8) 

38 
(0.8) 

14 



Table 1/1-2. 
Con t  i n u e d .  

Sample 
Number 

2S5 

"d",L' "'"J location 

2S6 

H-] 

H-2 

H-3 

11-6 

H-7 

H-8 

H-9 

H-10 

H - 1 6  

H-20 

H-23 

H-26 

H-27 

H-l 

Queedup S p r i n g s  
« 38£ 32ddbs 

««£.,) -
J S ' & " " » »  

"eise Hot Spi- innc 
4« 40E 25ddaS 

U n n a m e d  S i n - . ,  „  

3 N  4 1 E  3 2 6 6 0 :  C r L L ' k  

Oyer Hel l  

2N 39E 21bccS 

Anderson Wel l  
2N 39E 29bacS 

s «isi,rrr" s'"»« 

'N43£r9cbe?' l "L 'JI  ""J 

YNOR.I;"1 - »». 
W a r m  S p r i n g  

2 S  4 4 E  g d d t J s  

Johnson Spr ings 
33N 119W 26a,IS 

Sink Hole 
43 41E 32665 

"X 

20 

31 

20 

1 6  

48 

23 

21 

20 

24 

23 

21 

17 

JS 

57 

54 

19 

" d t t ' r  S p e c i f l t  

T™'l>-  Conductance  

(nmho/cm) 

940 

I  too 

365 

350 

6500 

650 

530 

520 

7600 

6750 

10500 

600 

6750 

8000 

8100 

TDS 
(wj / l )  

1 1 0 0  

890 

335 

341 

2667 

547 

I'll la Mg 

467 

5416 

4961 

9229 

576 

7562 

5760 

6310 

804 

6 o 170 
(8.3) 

6- l  130 

(6.4) 

6.6 3o 
(1.5) 

7- 5 36 

( 1 . 8 )  

6- I  o/o 

(33.7) 

71 
(5.5) 

7-7 50 

(2.5) 

7-7 5o 

(2.5) 

6-2 473 

(23.6) 

6.2 /)j| 
( 2 1 . 5 )  

-nCtlnt:dt:on in mg/l (Tneq7iT 
Na , /  

Cl  I ICO, 

6 1  
(5.0) 

61 
(5.0) 

111 

(U.B) 

10 
(o .a)  

81 
(6.7) 

19 
( 1 . 0 )  

13 
0.1)  

10 
(0 .8)  

100 
( 8 . 2 )  

SO. 

27 

0.2) 

26 
0.1) 

14 
( 0 . 6 )  

10 
(0.4) 

24 
(0.6) 

6.7 
( 0 . 2 )  

1498 
(65.2) 

44 
0.9) 

50 
( 2 . 2 )  

45 
(2.0) 

1058 

06) 

0 
(0)  

0 
(0) 

204 
(5.2) 

0 
(0)  

3 
( 0 . 1 )  

7 
(0 .2)  

28 
(0.8) 

0 
(0 .0)  

5 
( 0 . 1 )  

4 
( 0 . 1 )  

560 
(9.2) 

530 
(8.7) 

0 - 6  l l o  
(5.5) 

7-2 128 

(6.4) 

6 - 6  1 8 6  
(9.3) 

6-4 509 
(25.4 

6.4 454 
(22.7) 

6.8 )47 
(7.8,  

88 
(7.2) 

19 

0.6)  

27 
( 2 . 2 )  

33 
(2.7) 

76 
(6.3) 

45 
(3.7) 

29 
(2.4) 

1065 
(46.3) 

2843 
023.7) 

0 
(0 )  

2044 
(88.9) 

1327 
(57.7) 

1494 
(65) 

27 

0.2) 

118 
( 3 )  

108 

(2 .8 )  

40 

0 
(0) 

38 
0)  

162 
(4.1) 

176 

0 .5)  

3 
(0 .1)  

2299 
(64.9) 

42 

0.2) 

61 
0.7) 

45 
0.3) 

1851 
(52.2) 

1650 
(46.5) 

876 
(24.7) 

1 
(0) 

553 
(15.6) 

1737 
(49) 

1947 
(54.9) 

29 
(0.8) 

186 
(3) 

188 
(3.1) 

2125 
(34.8) 

271 
(4.4) 

168 
(3.1) 

199 
(3.3) 

1473 

(24.1) 

1272 
(20.8) 

2416 
(39.6) 

163 
(2.7) 

2255 
(37) 

822 
(14.5) 

220 
(4.6) 

120 

(2.5) 

7 
( 0 . 1 )  

5 
( 0 .  1 )  

723 
05.1) 

51 
0.1/ 

1 
(0) 

,°  1 
(0 )  

327 
(6 .8 )  

329 i  
( 6 . 0 )  

2858 
(59.5) 

233 
(4.9) 

24'3 38 
(50.2) 

?,96 
(20.7) 

973 
(15.9) 

504 
(8.3) 

I I29 
(23.5) 

33 
(0.7) 
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Table VI-2. Continued. 

Sample 
N umbei '  Name and Locat ion 

Water Speci f ic  
Temp. Conductance TDS 

f.  ( imihu/cm) (my/1) 

r o  o i  
ro 

M-2 North Woodal l  
7S 42E 27<:aS 

M-7 Swan lake #1 (Lakey Res.)  
9S 431 29ccS 

M 9 lone Tree 
6S 42E f iabS 

M-10 Henry Warm #1 
6S 42E 9acS 

M-11 Henry Warm #2 
6S 42E 9bcS 

H-12 Warm Spr ing 
6S 42E 8dbS 

M-14 L i t t le Blackfoot River 
6S 42E ISbaS 

B- l  Corral  Creek Wel l  
6S 41E 19bbd 

B-3 Thermal Gradient Wel l  
HS 40E 26dbc 

B-4 Gem Val ley Spr ing #2 
8S 40E 26dcbS 

B-7 Soda Spr ings Geyser 
9S 41E 12ada 

B- l3 Pescadero Warm Spr ing 
11S 43E 36bdaS 

B-17 Unnamed Spr ing 
12S 41E 31abcS 

B-25 Bear Lake Hot Spr ing #1 
15S 44E 13ccaS 

B-28 Gent i le Val ley Spr ing #1 
US 40E 5aaaS 

B-30 Gent i le Val ley Spr ing 43 
I IS 40E BdddS 

17 

2 b  

23 

15 

40 

15 

1 6  

29 

23 

18 

40 

22 

30 

164(1 

1020 

1570 

9/(1 

14 I I I  

1510 

940 

4900 

240(1 

2400 

4025 

14/5 

7/5 

2250 

IR25 

1701 

1089 

151 if' 

9 14 

1449 

1485 

982 

5267 

2221 

2320 

4694 

1380 

666 

1625 

1698 

930 

Concentrat ion in  my/ I  (mey/1)  

I ' l l  Ca My Na K CI m c o 3  S04 SiO. 

6.3 382 49 4 1 3 1182 48 31 
(19.1) (4.0) (0.2) (0.04) (0.07) (19.4) (1) 

6.7 220 36 3 0.  3 3 751 57 19 
(U) (3) (0.1) (0.HI)  (0.  1) (13.3) (1.2) 

6.4 314 19 26 18 26 989 75 17 
(15.7) ( .1.2) ( I . I )  (0.6) (0.  1 )  (16.2) (1.6) 

6.8 1/8 14 16 2 15 624 46 18 
(8.9) (2.8) (0.7) (0.06) (0.4) (10.2) (1) 

6.4 284 44 25 R 32 870 145 40 
(14.2) (3.6) (1.1) (0.2) (0.9) (14.3) (3) 

6.3 277 47 22 14 20 994 84 25 
(13.8) (3.9) (1)  (0.4) (0.6) (16.3) (1.7) 

6.7 200 33 11 2 13 674 42 7 
(10) (2.7) (0.5) (0.04) (0.4) ( H I )  (0.9) 

6.9 745 214 53 222 39 3016 915 31 
(37.2) (20.1) (2.3) (5.7) (1-1) (49.5) (19) 

6.5 345 118 26 12 2 1529 147 42 
(17.2) (9.7) (1.1) (0.3) (0.07) (25.1) (3.1) 

6.5 361 120 28 12 13 1529 153 41 
(18) (9.9) (1.2) (0.3) (0.4) (26.1) (3.2) 

6.8 925 150 3 18 3 2778 771 46 
(46.2) (12.4) (0.1) (0.5) (0.08) (45.6) (16) 

7.0 194 46 70 13 74 749 215 17 
(9.7) (3.8) (3) (2.9) (2.1) (12.3) (4.5) 

17 

7.1 94 28 37 3 30 439 26 9 
(4.7) (2.3) (1.6) (0.07) (0.9) (7.2) (0.5) 

7.0 230 41 155 48 72 263 769 43 
(11.5) (3.4) (6.7) (1.2) (2) (4.3) (16) 

6.1 239 47 92 34 78 1086 104 18 
(11.9) (3.9) (4) (0.9) (2.2) (17.8) (2.2) 

6.6 132 38 54 3 43 594 40 26 
(6.6) (3.1) (2.3) (0.O7) (1.2) (9.7) (0.8) 



Table VI-2. Continued 

ro 
CTl 
o o  

Sample 
Number 

U-31 

B-32 

S- l  

5-2 

S-3 

3-4 

S-5 

S-6 

S-7 

S3 

S-9 

S-10 

S-t l  

S-12 

S- l  3 

S-14 

Name and locat ion 

Bon Meek Wel l  
14S 39E 36ada 

Orvi l  Ral  1 json Wel l  
IBS 40E 16cac 

Unnamed on Wolver ine Creek 
2S 38E l lbbcS 

Blackfont River Warin Spr ing 
5S 40L 14bcdS 

Unnamed on Blackfoot River 
BS 40E 15bacS 

Portneul  River Warm Spr ing 
7S 38E 26cbdS 

Lava Hot Spr ing 
9S 38E 21ddaS 

Downata Hot Spr ing 
12S 37E 12ccdS 

Hound l /a l ley Warm Spr ing 
12S 40E 13dcdS 

Cleveland Warm Spr ings 
12S 4IE 31cacS 

Unnamed near Cleveland 
12S 41E 31badS 

Treasureton Wann Spr ing 
12S 40E 36acdS 

Maple Grove Hot Spr ing 
13S 4IE 7acaS 

Unnamed near Maple Grove 
13S 41E 7dabS 

Batt le Creek (Wayland) H S 
15S 39E BbdcS 

Squaw Hut Spr ing Wel l  
I5S 39E 17bdc 

Wa ter  
T emp. 

"C 

40 

IS 

1U 

2a 

la 

41 

43 

43 

34 

55 

21 

40 

75 

52 

77 

82 

Spei i  f  ic  
Condia tane e TOS 

( . .mt io/emj (my/I)  

I  gou 

•155 

540 

4500 

2200 

1590 

450 

3100 

3500 

750 

4550 

3000 

3150 

16550 

24UOO 

1349 

374 

502 

4915 

4851 

1849 

1179 

392 

2441 

2554 

6 ly 

3179 

2177 

210/ 

9581 

13167 

• < • 

Concentrat ion in ing/1 (meq/1) 

pH La Mg Na K CI 

i 
; 

i 
s
: 

o
 

i
 w

 
: 

S04 ~ SiO. 

/ .  4 23 
(1.2) 

5 
(0.4) 

348 
(15.1) 

20 
(0.9) 

321 
(9.1) 

526 
(8.6) 

5 
(0.1) 

90 

7.6 42 
(2.1) 

18 
(1.5) 

20 
(0.9) 

7 
(0.2) 

31 
(0.9) 

199 
(3.3) 

14 
(0.3) 

43 

6.8 85 
(4.2) 

21 
(1.7) 

3 
(0.1) 

3 
(0.1) 

5 
(0.1) 

268 
(4.4) 

102 
(2.1) 

15 

8.4 700 
(34.9) 

224 
(18.4) 

164 
(7.1) 

201 
(5.1) 

72 
(2)  

2371 
(38.9) 

1148 
(23.9) 

33 

6.3 668 
(33.3) 

312 
(25.7) 

149 
(6.5) 

182 
(4.7) 

64 
(1.8) 

2287 
(37.5) 

1171 
(24.4) 

17 

8.3 275 
(13.7) 

48 
(3.9) 

85 
(3.7) 

60 
(1.5) 

53 
(2.4) 

1060 
(17.4) 

259 
(5.4) 

47 

6.7 103 
(5.1) 

29 
(2.4) 

176 
(7.7) 

37 
(0.9) 

179 
(5) 

528 
(8.9) 

91 
(1.9) 

35 

7.1 61 
(2.7) 

15 
(1.2) 

26 
(1.1) 

3 
(0.1) 

22 
(0.6) 

211 
(3.5) 

26 
(0.5) 

28 

6.  1 353 
(17.6) 

52 
(4.3) 

267 
(11.6) 

51 
(1.3) 

309 
(8.7) 

1106 
(18.1) 

278 
(5.8) 

24 

8.2 259 
(12.9) 

41 
(3.4) 

444 
(19.3) 

90 
(2.3) 

574 
(16.2) 

565 
(9.3) 

517 
(10.8) 

62 

8.  /  82 
(4.1) 

25 
(2.1) 

32 
(1.4) 

5 
(0.1) 

27 
(0.8) 

410 
(7.7) 

23 
(0.5) 

15 

6.4 336 
(16.8) 

48 
(3.9) 

542 
(23.6) 

110 
(2.8) 

626 
(17.7) 

726 
(11.9) 

734 
(15.3) 

54 

6.3 132 
(6.6) 

24 
(1.8) 

550 
(23.9) 

71 
(1.8) 

586 
(16.5) 

466 
(7.6) 

282 
(5.9) 

66 

5.9 82 
(4.1) 

22 
(1.8) 

499 
(21.7) 

77 
(2)  

585 
(16.5) 

454 
(7.4) 

323 
(6.7) 

64 

6.5 179 
(8.9) 

16 
(1.3) 

2985 
(129.8) 

493 
(12.6) 

5092 
(143.6) 

63) 
(H.2) 

39 
(0.8) 

90 

6.9 261 
(13) 

21 
(1.7) 

3996 
(173.8) 

694 
(17.7) 

7291 
(205.7) 

725 
(11.9) 

35 
(0.7) 

139 

i • 
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Table VI-2. Continued. 

Sample 
Number Name and Locat ion 

Water Speci f ic  
Temp. Conductance IDS 

(' .  (umho/cm) (mq/1) pH 

IN3 CT> 

1-1 Yandel l  Spr ings 
3S 37E 31dbbS 

1-2 Alkal i  Warm Spr ings 
AS 38C 28dddS 

1-4 Shoal  Subdiv.  Wel l  
5S 341 26dba 

I -S Dean Morr is Wei 1 
9S 36C 3cdb 

1-6 Indian Spr ings 
8S 31E 18dabS 

1-7 Rockland Warm Spr ing 
10S 30E 13cdcS 

1-8 C S Y Ranch Wel l  
11S 27E Sbab 

1-9 6-S Ranch Wel l  
I IS 25E l lcca 

1-11 Ward Warm Spr ing 
13S 26E 17ccdS 

1-12 Malad Warm Spr ing 
14S 36E 27cdaS 

1-13 Pleasantvi l le Warm Spr ing 
I5S 35E 3aabS 

1-14 M. Fonnesbeck Wel l  
15S 39E 7dbcS 

1-15 E. Bingham Wel l  
16S 38E 24abcS 

1-16 Woodruff  Warm Spr ing 
16S 36E lObbcS 

1-17 Robert  Brown Wel l  
5S 34E 26dab 

1-18 Kent Warm Spr ing 
12S 34E 36bcbS 

32 

34 

26 

2? 

32 

38 

29 

60 

21 

24 

25 

23 

63 

27 

41 

24 

950 

1529 

349 

1099 

1109 

655 

574 

217 

889 

27999 

5369 

1170 

479 

714 7.1 

1040 6.6 

973 

200 7.2 

599 7.5 

575 7.6 

432 7.6 

372 7.7 

176 8.7 

7589 4345 6.5 

2187 ,  1217 6.8 

566 6.8 

14103 6.2 

3084 7.3 

706 7.7 

292 6.7 

Concentrat ion in mg/1 (meq/1) 

Ca Mq Na r, CI | . C 0 3  S i 0 2  

150 35 22 7.2 29 240 330 3? 
(7.5) (2.9) (1) (0.2) (0.8) (3.8) (6.9) 

210 68 34 37 i7 640 340 34 
(10.5) (5.6) (1.5) (1) (0.5) (10.2) (7.1) 

93 39 176 25 228 425 156 3.8 

(4.6) (3.2) (7.7) (0.7) (6.4) (6.8) (3.2) 

44 9.2 13 1 . 0  24 143 13 2 9  

(2.2) (0.8) (0.6) ( 0 )  (0.7) (2.3) (0.3) 

76 19 110 10 220 254 •19 2 1 1  

(3.8) (16) (4.8) (0.3) (6.2) (4.1) (0.4) 

92 33 62 14 250 160 23 22 
(4.6) (2.7) (2.7) (0.4) (7) (2.6) (0.5) 

26 7.2 100 90 230 14 78 
(1.3) (0.6) (4.4) (2.5) (3.7) (0.3) 

8.2 0.5 110 3.9 55 125 59 60 
(0.4) (0) (4.8) (0.1) (1.5) (26) (12) 

34 0.6 14 3 25 92 9.5 45 
(1.7) (0) (0.6) (0.1) (0.7) (1.5) (0.2) 

240 79 1200 210 2100 958 25 19 
(12) (6.5) (52.2) (5.5) (58.8) (15.3) (0.5) 

110 33 280 29 470 331 110 21 
(5.5) (2.7) (12.2) (0.8) (13.2) (5.3) (2.3) 

78 27 68 18 91 418 4.3 7.  
(3.9) (2.2) (3) (0.5) (2.5) (6.7) (0)  

320 36 4600 770 7800 930 48 68 
(16) (3)  (200.1) (20) (218.4) (14.9) (1)  

130 45 910 87 1600 454 58 29 
(6.4) (3.7) (19.6) (23) (44.8) (7.4) (1.2) 

70 25 150 21 87 478 95 20 
(3.5) (2) (6.5) (0.5) (24) (7.6) (2) 

56 19 15 43 35 226 18 3.3 
(2.8) (1.6) (0.7) (1) (1) (3.6) (0.4) 



Table VI-2. Continued 

Sample 

Number Name and Locat ion 

Water Speci f ic  
Temp. Conductance IDS 

"C (umbo/ciii) ( IIHJ/ 1) 

r \a o >  
o i  

I - i9 Green Canyon (Pincock) W. S.  
5N 43E 6bcaS 

1-22 Alpine Warm Spr ing 
2S 46E )9cadS 

R- l  KRGE-1 
15S 26E 23caa 

R-2 RRGE-2 
15S 26E 23aaa 

R-3 RRGE-3 
1SS 26E 2Sbdc 

K-4 KKGP-5B 
I5S 26E 22dda 

R-5 RRG1-6 
15S 26E 2Sada 

W--I  B ig Fal l  Creek Warm Spr ing 
28N 115W 20dcaS 

W-2 Grani te Hot Spr ing 
39N 113W 6dabS* 

W-3 Astor ia Warm Spr ing 
39N 116W 32daaS 

W-4 Boyles Hi l l  Warm Spr ing 
4IN 117W 36caaS 

U- l  Crystal  Hot Spr ings 
UN 2W 39dadS 

U-2 Cut ler  Warm Spr ing 
13N 2W 27dbd 

U-3 Morning Glory Pool  
13N 3W 23.. .o 

U-4 Bemont Ward Wel l  
I3N 3W 35dda 

U-5 Blue Spr ings 
13N SW 29 

44 

37 

138 

139 

147 

130 

122 

1 6  

41 

37 

30 

56 

23 

51 

15.5 

2 B  

850 

10499 

29B7 

2157 

7997 

235/ 

11594 

712 

luso 

1550 

2380 

58000 

36/0 

15000 

2390 

3410 

620 

6 6 1 5  

1 4 / 8  

1 3 3 0  

3 8 2 4  

l u /o  

610/ 

524 

6 /0  

1 1 6 0  

2 4 8 0  

4 3 5 1 1 0  

2 1 2 0  

1 5 0 0 0  

1660  

2010 

/ 

Concentrat ion in mg/ l  (meq/1) 

pH Ca Mg Na K CI H C 0 3  S04 SiO. 

6.8 140 32 3 3.6 1.7 170 330 25 
(7.0) (2.7) (0.2) (0.1) (0) (2.7) (6.9) 

0.5 560 100 1500 180 2800 880 1000 40 
(27.9) (8.2) (65.3) (4.6) (79) (14.4) (20.8) 

7.8 53 0.6 469 33 709 34 40 134 
(2.6) (0) (20.4) (0.9) (19.9) (0.6) (0.8) 

7.6 32 0.7 331 31 70) 42 29 155 
(1.6) (0) (14.4) (0.8) (19.6) (07) (0.6) 

7.2 127 1 1245 103 2116 26 44 158 
(6.3) (0) (54.2) (2.7) (59.2) (0.4) (0.9) 

7.5 50 0.5 179 34 5-.ul  40 40 136 
(2.5) (0) (7.8) (0.9) (16.5) (0.6) (0.8) 

7.3 199 1.4 2020 32 3636 62 60 91 
(9.9) (0.1) (87.9) (0.8) (101.8) (1)  (1.2) 

7.8 110 29 4 1 4 160 260 13 
(5.5) (2.4) (0.2) (0) (0.1) (2.6) (5.4) 

8.3 32 46.4 180 8.6 140 200 150 49 
(1.6) (3.8) (7.8) (0.2) (3.9) (3.3) (3.1) 

7.8 170 43 120 13 97 300 520 
(8.5) (3.5) (5.2) (0.3) (2.7) (4.9) (10.8) 

7.6 430 120 28 13 3.9 160 1600 
(21.5) (9.9) (1.2) (0.3) (0.1) (2.6) (33.3) 

830 230 15000 790 26000 479 480 32 
(41-.4) (18.9) (652.5) (20.2) (733.4) (7.7) (10) 

7.6 84 43 620 22 1000 320 65 17 
(4.2) (3.5) (27) (0.6) (28.2) (5.1) (1.4) 

7.2 220 70 2900 120 4800 360 98 29 
(11) (5.8) (126.2) (3.1) (135.4) (5.8) (2) 

7.8 6b 35 440 28 470 485 220 47 
(3.3) (2.9) (19.1) (0.7) (13.2) (7.8) (4.6) 

7.9 56 24 636 22 895 329 84 19 
(2.8) (2) (27.7) (0.6) (25.2) (5.3) (1.7) 

• • • #"'• • 



Table VI-2. Continued 

Sample 
Number Name and Locat ion 

Water 
T emp. 

°C 

Speci  f  ic  
Conduc tance 

( i imho/cm) 
TDS 

(my/1) pH Ca My 

Concentrat ion 

Na K 

in rng/ l  (meq/1) 

c i  h c o 3  S 0 4  SiO. 

IJ-6 R. W. Tolman Wel l  
15N 6W 34ccc 

?o. s 1610 938 7.9 60 
(3) 

25 
(2) 

247 
(10.7) 

5.7 
(0.1) 

375 
(10.6) 

259 
(4.1) 

40 
(0.8) 

41 

U- 7 Chas Taylor Wei 1 
12N IE 16ddd 

2? 534 336 7.4 56 
(2.1) 

26 
(2.1) 

32 
(1.4) 

0 
(0) 

12 
(0.3) 

327 
(5.2) 

16 
(0.3) 

17 

U-8 Cache Val ley Wel l  
13N IE 33aca 

21 1400 709 6.0 42 
(?. l )  

36 
( -0 

204 
(0.9) 

49 
(1.3) 

342 
(9.6) 

286 
(4.6) 

1.2 
(0) 

13 

U-9 D. J.  Gancheff  Wel l  
I4N IW 33aca 

31 7230 4 300 7.6 132 
(6.6) 

46 
(3.0) 

1400 
(60.9) 

110 
(2.0) 

2280 
(64.3) 

548 
(8.8) 

71 
(1.5) 

23 

U-10 Coyote Spr ing 
14N 10W 33bccS 

43.5 5590 5190 7.6 07 
(4.3) 

19 
(1.6) 

1070 
(46.5) 

56 
(1.4) 

1620 
(45.7) 

352 
(5.6) 

70 
(1.5) 

29 

U- l l  Ethyl  Taylor Wel l  
15N 9W 31ahc 

16 626 626 7.0 70 
(3.6) 

17 
(1.4) 

31 
(1.3) 

0 
(0) 

99 
(2.8) 

181 
(2.9) 

20 
(0.4) 

63 

U-12 Peter Mayo Wei I  
15N 10W 36hbb 

16.5 502 324 7.4 59 
(2.9) 

17 
(1.4) 

18 
(0.8) 

0 
(0) 

51 
( l .«)  

198 
(3.2) 

23 
(0.5) 

56 

Spr ing emerges in Soda Point  Reservoir .  Water sample is  probably mixed wi th surface water f rom the reservoir .  



Table VI-3. Physical characteristics of thermal spring and well sites in the study area. 

r o  
OS 

Sample 
Number 

AQ-1 

AQ-2 

AQ-3 

Al)-4 

AQ-5 

AQ-6 

AQ-7 

AQ-8 

AQ-9 

251 

252 

253 

254 

Name and Locat ion 
Date Temp. 

Sampled 'C 

26-1 Cook 
5N 44E 26ba 
2497'-2584'  interval  

26-1 Cook 
SN 44E 26ba 
2962'-2997" interval  

26-1 Cook 
5N 44E 26ba 
4210'-4230* interval  

Black Mountain Federal  » l  
3S 45E 36cc 
13,550'-13.703'  vnLerval  

2-1 Kinq 
2S 41E 2bc 
8550'-8660'  interval  

2-1 King 

2S 41E 2bc 
11,375*-11.519'  interval  

2-1 King 
2S 41E 2bc 
12,830'-12,884'  interval  

North Eden Felderal  21-11 
16S 45E 2laa 
8214'-8469'  interval  

Jensen 
13S 44E 22cc 
10.900'-10,93r interval  

0.  J.  Neeley Wel l  
7N 43E 30ccc 

Walt  Warm Spr ing 
5N 43E 7acS 

St inking Spr inq 
3N 41E lObbbS 

Taylor Warm Spr ing 
3N 44E 7baaS 

12/01/77 

9/07/81 

9/07/81 

9/07/81 

9/05/81 

46 

12/01// /  70 

2 2  

35 

20 

2 1  

Est imated 
Elevat ion Discharge 
(meters) (1 /s)  

1842 

Si te Descr ipt ion 

12/01/77 49 1842 

1842 

4/13//7 65 2523 

6/0U/78 116 203) 

6/00/78 160 2031 

8/00/78 249 2031 

5/15/80 92 2139 

1/25/78 74 1823 

1749 

1894 

1754 

1874 

9.2 

0.05 

35 

t ipper Tr iassic Dinwoody format ion.  

lower Tr iassic Dinwoody format ion.  

Mississippian Lodgepole format ion.  

CuntJct  between Tr iassic Dinwoody and Permian Phosphor ia 
format ions.  

Jurassic Gypsum Spr ings ( lower Twin Creek) format ion.  

Tr iassic basal  Thaynes. 

Permeian upper Phosphor ia format ion.  

Overturned I r iassic Thaynes format ion.  

Permeain-Pennsylvanian Wel ls format ion.  

i ' l io iene rhyol i te near t l ie edge of  the Moody Creek Caldera complex 
on northeast t rending faul t .  

PI iocene r l iyol  i  te on northwest t rending Warm Creek faul t ,  

ter t iary rhyol i te.  

Col luvium under la in by Wel ls format ion or Mission Canyon l imestone. 
The t race of  the Jackson Thrust  is  very c lose as is  an interred 
normal faul t .  
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Table VI-3. Continued. 

Sample 
Number Name and Locat ion 

Date 
Sampled 

ro 
cr> 
CO 

255 Queedup Spr ings 10/02/81 
4S 38E 32ddbS 

256 Steamboat Spr ings 9/29/f l l  
9S 31E lOddaS 

t i -1 Elkhorn Hot Spr ing 7/31 / f in 
4N 40C 23r.artS 

I I -? I lawley Warm Spr ing 7/31 /ho 
4N 40E 25bbdS 

11-3 l le ise Hot Spr ings 6/18/80 
4N 40F ?5ddaS 

11-6 Unnamed Spr ing on Birch Creek 6/ lH/8f l  
3N 31E 32bbdS 

H-7 Dyer Wel l  7/21/BO 
2N 39E 21bccS 

H-8 Anderson Wel l  7/21/BO 
2N 39E 29bacS 

H-9 Fal l  Creek Mineral  Spr ing 8/05/80 
IN 43E 9cbblS 

H-10 Fal l  Creek Mineral  Spr ing 8/05/80 
IN 43E 9cbb2S 

H-16 Unnamed Spr ing on Rock Creek 7/22/80 
IS 40E 4abcS 

H-20 Warm Spr ing 7/23/80 
2S 44E 9aacS 

H-23 Brockman Hot Spr ing 6/27/80 
2S 42E 26dcdS 

H-26 Auburn Hot Spr ings 7/75/80 
33N 119W 23dbdS 

H-27 Johnson Spr ings 7/25/80 
33N 119W 26adS 

M-l  Sink Hole 
4S 41E 32bbS 

1  emp .  

"C 

20 

31'  

2 0  

48  

23 

21 

20 

24 

23 

21 

17 

35 

57 

54 

19 

Elevat ion 
(meters) 

1759 

1757 

1 580 

15  I I I  

1 5  1 6  

170/ 

1537 

1524 

1658 

1658 

1699 

2182 

1908 

1853 

1853 

1890 

Si te Descr ipt ion 

Permian-Pennsylvanian Wel ls format ion.  

Basal t  over ly ing Ordovir ian and upper Cambrian rocks in an area of  
numerous extensionl  faul ts,  fmeryes in Soda Point  Reservoir .  

Rhyn l i t e  t u f f  nea r  l l e i se  f au l t .  Sp r i ng  i s  assoc .  i a tod  w i t h  the  
H rvhn rg  Ca lde ra  Comp lex .  

Same as  above .  

l e r l i a r y  s i l i c i c  vn l ran i i s ,  assoc ia ted  w i t h  the  l l e i se  f au l t  am i  a  

nn i t hpas l  t r end ing  fon t  t .  

Rhynl i t ic  Spr ing Crock tuf f  near a large northeast t rending faul t .  

Wel l  produces f rom broken rhynl i te near a northeast t rending faul t .  

Simi lar  to above. 

Mission Canyon l imestone, associated wi th the Swan Val ley faul t .  
Spr ings are deposi t ing t ravert ine.  

Same as above 

Ephraim conglomerate associated wi th a minor faul t .  

Twin Creek l imestone-Nugget sandstone contact  (= Gypsum Spr ings),  

near axis of  northwest t rending ant ic l ine.  

Peterson or Bechler format ion in an area of  complex fo ld ing and 

minor faul t ing.  

Dinwoody format ion at  intersect ion of  Hemmert  and Freedom faul ts.  
Spr ing is  deposi t ing t ravert ine and f ree sul fur .  

Paleozoic sedimentary rocks.  Spr ing issues from l lemnert  faul t  
and is  deposi t ing t ravert ine.  

Wel ls format ion along Enoch Val ley faul t .  



Table VI-3. Continued. 

S dnip 1 e Date Temp. Elevat ion 
Number Name and Locat ion Sampled "C (meters) 

M-2 North Uoodal)  17 1900 
7S 42E 27caS 

M-7 Swan Lake HI (Lakey Res.)  16 1890 
9S 43E 29ccS 

M-9 Lone Tree 2 6  1 a70 
6S 42E 6abS 

M-10 Henry Harm I I  |8 1357 

6S 42E 9acS 

H- l l  Henry Harm 12 20 1870 
6S 42E 9bcS 

M - 1 2  H a r m  S p r i n g  2 3  ) 8 8 u  

6S 42E 8dbS 

IX )  
c*  H-14 L i t t le Blackfoot River IS 1883 

6S 42E 15baS 

8-1 Corral  Creek Hel l  40 i884 
6S 41E 19bbd 

B-3 Thermal Gradient Hel l  lb 1707 
8S 40E 26dbc 

B-4 Gem Val ley Spr ing #2 16 
8S 40E 26dcbS 

1722 

B-7 Soda Spr ings Geyser 29 1770 
9S 41E 12ada 

B-13 Pescadero Harm Spr ing 73 ihpo 
I IS 43E 36bdaS 

B-17 Unnamed Spr ing ]8 ican 
12S 41E 31abcS 

B-25 Bear lake Hot Spr ing I I  411 in in 
15S 44E 1-tccaS '  

B-28 Gent i le Val ley Spr ing I I  22 151(1 
1 1 S  4 0 E  5 a a a S  I S , U  

B-30 Gent i le Val ley Spr ing 13 30 lnvn 
1 1 S  4 0 E  8 d d d S  " U  

Lsl ima led 
discharge 

0/s)  Si te Descr ipt ion 

28 Hel ls fonuat ion along an extension faul t  in the Aspen Range. 

85 Same as above. 

3 f lows from Slug Va11ey(?) faul t .  

88 f lows from intersect ion of  Slug Val ley and Henry faul ts,  is  
deposi t ing t ravert ine.  

55 Same as above. 

14 Same as above. 

8 '  Hel ls format ion along axis of  Uooley Val ley ant ic l ine.  

1.2 HelIs-Phosphor ia contact  in a highly faul ted area. This spr ing 
produces large amounts of  gas, probably CO^. 

1.4 Garden Ci ty l imestone (Ordovic ian) along East Gem Val ley giaben 
faul t .  

22 Quaternary basal t -Garden Ci ty contact  near above. 

0.1 Occurs along a north t rending f racture t race. The wel l  is  r a p i d l y  
deposi t ing t ravert ine and is  a large C02 producer.  

0.6 Tr iassic Thaynes format ion over la in by t ravert ine.  

Cambrian Blacksmith!?) l imestone over la in by t ravert ine.  

Mississippian Lodgepole l imestone along East Bear River Val ley 
graben faul t .  

140 Ordovic ian Garden Ci ty l imestone over la in by al luvium. 

48 Cambrian Blacksmith(?) l imestone over la in by al luvium. 

• • • ̂ • 



Table VI-3. Continued. 

ro 

o 

Sample 
Number 

B-31 

B-32 

S- l  

S-2 

S-3 

S-4 

S-5 

S-6 

S-7 

S-8 

S-9 

S-10 

S- l l  

S- l  2 

S- l  3 

S-14 

Name and Locat ion 

Date 
Sampled 

Ben Meek Wel l  
14S 39E 36ada 

Orvi1 Ral1ison Uel1 
16S 40E 16cac 

Unnamed on Wolver ine Creek 
2S 3HE I IhbcS 

Blackfnot River Warm Spr ing 
5S 40E 14bcdS 

Unnamed on Black foot  River 
5S 40E 15bacS 

Portneuf River Warm Spr ing 
7S 38E 26cbdS 

lava Hot Spr ing 
9S 38E 21ddaS 

Downata Hot Spr ing 
12S 37E 12ccdS 

Mound Val ley Warm Spr ing 
12S 40E 13dcdS 

Cleveland Warm Spr ings 
12S 41E 31cacS 

Unnamed near Cleveland 
12S 41E 31badS 

Treasureton Warm Spr ing 
12S 40E 36acdS 

Maple Grove Hot Spr ing 
13S 41E 7acaS 

Unnamed near Maple Grove 
13S 41E 7dabS 

Batt le Creek (Wayland) H. S. 
15S 39E 8bdcS 

Squaw Hot Spr ing Wel l  
15S 39L 17bdc 

7/24/80 

7/11/8(1 

7/09/80 

6/2/ /80 

6/27/80 

7/21/80 

7/14/80 

7/15/80 

7/14/80 

7/14/80 

7/14/80 

7/16/80 

7/24/80 

7/21/80 

Temp.  
"C 

40 

15 

1 R  

2 8  

1 R  

41 

43 

43 

34 

55 

21 

40 

75 

62 

77 

82 

Elevat ion 
(meters) 

1380 

1370 

1554 

1874 

1898 

163/ 

1508 

1477 

1530 

1520 

1510 

1510 

1500 

1520 

1383 

1380 

Si  te Descr ipt ion 

Possible intersect ion of  Mink Creek l ineament ami inferred north­
west t rending extension faul ts.  

Al luvium over ly ing Cambrian rocks near Cub River l ineament.  

Mississippian Mission Canyon l imestone. The area is  i n t ' i i s c l y  
faul ted and fo lded. 

Tr iassic lhaynes(?) over la in by basal t .  This spr ing has deposi ted 

large amounts of  t ravert ine.  

Same as above. This "spr ing" was not  f l ow ing ,  but was  degass ing .  
I t  has deposi ted a large t ravert ine mound. 

Basal t  and col luvium over Garden Ci ty(?) l imestone. This spr ing 
is evolv ing considerable gas. Smel ls of  H^S. 

Ordovic ian Swan Peak quartz i te near the intersect ion of  north and 
west t rending faul ts.  

Tert iary sediments over la in by al luvium. The spr ing is  associated 
wi th an east-west t rending l ineament.  

Large t ravert ine mound over ly ing al luvium and probably Cambrian 
rocks at  depth.  This spr ing was not  f lowing at  9/81. 

Travert ine over a l luvium over Cambrian(?) rocks.  

Extensive t ravert ine under la in by Cambrian rocks.  The area is  
extensively faul ted.  

Same as above. 

Cambrian Br igham quartz i te.  The area is  extensively faul ted.  The 
spr ing is  deposi t ing tufa.  

Same as above. 

Spr ing emerges near inferred intersect ion of  the Cl i f ton I l i l l  
faul ts and the Mink Creek l ineament.  

Same as above. 



Tab!2 VI-3. Continued. 

S o l u b l e  

Number Name and Locat ion 

I "  I  Yandel l  Spr ings 
3S 37t 31dbbS 

1-2 Alkal i  Warm Spr ings 
4S 38E 28dddS 

1 4 Shoal  Subdiv.  Wel l  
5S 34E 26dba 

' " 'J  Dean Morr is Wel l  
93 3bt 3cdb 

1-8 Indian Spr ings 
8S 31E 18dabS 

l - '  Rockland Warm Spr ing 
10S 30E l3cdcS 

l "8 C *  Y Ranch Wei 1 
US 27E Sbab 

1-9 6-S Ranch Wei 1 

1-11 Ward Warm Spr ing 
13S 26E !7ccdS 

1 - 1 2  Ma lad Warm Spr ing 
14S 36E 27cdaS 

' " '3 Pleasantvi  1 le Wann Spr ing 
I5S 35E 3aabS 

' - '4 M. Fonnesbeck Wel l  
15S 39E 7dbcS 

' -19 E. Bingham Wei 1 
16S 38E 24abcS 

1*18 Woodruff  Warm Spr ing 
I6S 36E IDbbcS 

'  - '  7 Robert  Brown Wel l  
5S 34 L'  2bdab 

1 - 1 8  Kent Warm Spr ing 
12S 34E 36bcbS 

Date Ten.( j  .  ElevaLi  
Sampled "c (meters 

8/18/77 3 2  1514 

8/18/77 34 I7.nu 

6/20/79 . 'o 1391 

8/07/76 

7/27/72 3.1 1 36 9 

7/27/72 or |4t)2 

9 / 0 0 / 6 6  2 9  1 3 4 2  

7/26/72 60 1415 

8/08/75 21 1532 

5/16/72 ;>4 1415 

5/10/72 25 1362 

9/03/73 03 1390 

8/24/77 03 1415 

5/11/72 27 1354 

7/27/72 4 1  1390 

5/17/72 24 1608 

Si te Descr ipt ion 

Wel ls forma I iun(?).  

Wel ls format ion.  

Quaternary loess near Snake I ' la in boundary faul t .  

Paleozoic l imestone along northwest t rending faul t .  

Al luvum. over Permiai i -Pennsylvanian Oguirrh format ion in Cenozoic 

Al luvium and basal t  over Tert iary sediments in a Cenozoic graben. 

Precambrian f ractured quartz i te near north t rending faul t .  

Tert iary rhyol i te(?) near east t rending faul t  zone. 

Hows tram al luvium and t ravert ine near graben boundary.  

ix i i i ie as above. 

b tat i  lor  to S-14 

Same as 1-12 and 1-13 

Same as 1-4 

Upper Paleozoic rocks.  



Table VI-3. Continued. 

Sample 

Number Name and Locat ion 

1-19 

•1-7? 

Green Canyon (Pincock) W. S.  
5N 43E 6bcaS 

Alpine Warm Spr ing 
2S 46E 19cadS 

Date lump. 
Sampled "C 

8/09/72 

9/27/77 

4 4  

3 7  

Elevat ion 
(meter ' ; )  

1R46 

1 f .H9 

r o  --j 
e o  

R-l  
l ( -5 

W- l  

W-2 

W-3 

W-4 

U- l  

U-2 

U-3 

IJ-4 

11-5 

U-6 

U-7 

11-8 

Raft  River Geothermal Wel ls 
15S 76E 23ca. i .  ?)aa. i ,  ?5hdc, 
22dda, 2Sada 

Biq fa l l  Creek Warm Spr ing 
2BN 115W 20dcaS 

Grani te Hot Spr ings 
39N 113W 6dabS' 

Astor ia Warm Spr ing 
39N 116W 32daaS 

Boyles Hi l l  Warm Spr ing 
41N 117W 36caaS 

Crystal  Hot Spr ings 
11N 2W 39dadS 

Cut ler  Warm Spr ing 
13N 2W 27dbd 

Morning Glory Pool  
13N 3W 23acb 

Belmont Ward Wel l  

13N 3W 35dda 

Blue Spr ings 
13N 5W 29 

R. W. Tolman Wel l  
15N 6W 34ccc 

Chas Taylor Wel l  '  
12N IE 16ddd 

Cache Val ley Wei 1 
13N IE 33aca 

10/07/76 

9/22/76 

9/22/76 

9/23/76 

10/27/51 

7/02/68 

9/08/71 

8/25/64 

7/07/70 

7/07/70 

4/17/68 

7/09/57 

l/l'-
M f  

I f .  

4 1  

37 

30 

56 

73 

51 

16 

28 

21 

2 2  

2 1  

ir.nn 

2 5 6 9  

7 1 6 6  

1808 

1940 

1375 

1385 

1346 

1360 

1353 

1631 

1369 

1369 

,1 

Est imated 
Discharge 

(1/s)  Si te Descr ipt ion 

Tert iary rhyoi i tP near edge nf  Moody Creek Caldera and Warm Creek 
faul t .  

1.6 Issues under Pal isades Reservoir  near northwest t rending graben 
boundary faul t  (Swan Val ley faul t ) .  Other discharge vents were 
reported to he as hot as f. f> *C..  

3  ler l . iary Sal t ,  lake sei l  i im-nl  s over ly ing I ' rer .amhr ian gneiss complex.  
Wel ls are neai  the intersect ion o '  two faul t  /ones. 

1/0 lower Fr iassic Oinwoody format ion wi th in the Cabin Creek over-
thrust .  

19 f ractured Cambrian Death Canyon format ion near contact  wi th f lat  
I l iad format ion and perhaps in contact  wi th under ly ing grani tes.  

6.3 Mississippian Mission Canyon l imestone near crest  of  north 
t rending ant ic l ine at  a regional  topographic low for  the format ion 

3.7 Cambrian Gal lat in l imestone near Jackson thrust  faul t .  

'01 Issues from al luvium abnut 2.4 km from the Wasatch faul t .  

0.6 Issues f rom Paleozoic l imestone about 1.6 km f rom the Wasatch 
faul t .  

13 Paleozoic l imestone near a bur ied,  north-trending faul t  along the 
Malad River Val ley.  

30 Simi lar  to above. 

295 Permian-Pennsylvanian Oquirrh format ion.  

2.3 

4.7 

Al l  uv i  uin.  

Tert iary rocks.  undi  f  ferent iated. 



Table VI-3. Continued. 

Sample Uate Temp. 
Number Name and Locat ion Sampled C 

U-9 D. J.  GancheffWel l  1/12/68 31 
I4N 1W 33aca 

0-10 Coyote Spr ing 5/28/68 44 
14N 10W 33bccS 

u- l  1 Ethyl  Taylor Wel l  9/0U/69 lb 
15N 9W 31abe 

U-12 Peter Mayo Wel l  5/24/56 1/  
15N 10W 36bbb 

r o  
CO 

• • ^ • . • # 

Est imated 
Elevat ion Discharge 

(meters) (1/s)  Si te Descr ipt ion 

'392 -  Al luvium near Dayton faul t  zone. 

1354 

1415 145 Same as above. 

' •3 Pleistocene basal t  over ly ing upper Paleozoic rocks.  An intrusive 
body is  inferred at  depth.  

14)5 135 Same as above. 



s p r i n g  d e p o s i t s ,  o r  b e c a u s e  i n f o r m a t i o n  w a s  n o t  i n c l u d e d  I n  

t h e  r e p o r t s  s u m m a r i z e d  o n  t h i s  t a b l e .  S p r i n g  d i s c h a r g e s  

n o t e d  I n  t h i s  t a b l e  w e r e  o b t a i n e d  b y  v a r i o u s  m e t h o d s ,  b u t  

a r e  o f t e n  e s t i m a t e s .  

r . n m p a r a b  i  I  i t v  Q ±  J t £ ± £ £  £ i i a I  1 1 Y  H a ± a  

M a n y  o f  t h e  t h e r m a l  o c c u r r e n c e s  s a m p l e d  b y  t h i s  p r o j e c t  

h a d  b e e n  p r e v i o u s l y  s a m p l e d  b y  I D W R .  I n  a d d i t i o n ,  s a m p l i n g  

b y  t h i s  p r o j e c t  o c c u r r e d  o v e r  t w o  f i e l d  s e a s o n s  I n v o l v i n g  

d i f f e r e n t  p e r s o n n e l  a n d  d i f f e r e n t  a n a l y t i c a l  t e c h n i q u e s .  I n  

o r d e r  t o  a s s u r e  t h e  c o m p a r l b l l l t y  o f  t h e s e  d a t a ,  a  

s t a t i s t i c a l  c o m p a r i s o n  w a s  d o n e  u s i n g  t h e  G e n e r a l  L i n e a r  

M o d e l s  ( G L M )  c o m p u t e r  p r o g r a m  d e v e l o p e d  b y  S A S  ( S A S  

I n s t i t u t e ,  I n c . ,  1 5 7 9 ) .  T h i s  p r o g r a m  c o m p a r e s  t h e  v a r i a n c e s  

o f  t h e  v a l u e s  o b t a i n e d  f o r  a  g i v e n  a n a l y s i s  a s  d o n e  b y  

d i f f e r e n t  a g e n c i e s .  V a r i a n c e s  a r e  c o m p a r e d  b y  t h e  F  

s t a 1 1 s t  i  c  :  

w h e r e :  

$ i 2  =  t h e  v a r i a n c e  w i t h i n  t h e  s e t  o f  v a l u e s  o b t a i n e d  

f o r  a  g i v e n  a n a l y s i s  a s  d o n e  b y  A g e n c y  1 ,  a n d  

s ^ 2  =  t h e  c o r r e s p o n d i n g  v a r i a n c e  f o r  t h e  a n a l y s i s  a s  

d o n e  b y  A g e n c y  2  ( O t t ,  1 9 7 7 ) .  
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P r i o r  t o  p e r f o r m i n g  t h i s  t e s t  t h a  

®  c o n c e n + r a t I o n  v a l u e s  # e r f l  

n V 0 r  S d  t o  t f » e l r  l o g  v a l u e  | n  o r d e r  t o  

d  I  f  f  e r e n c e  b e t w e e n  v a l u e s  c  ^  

( u n d e t e c t a b l e )  , e r e  b  '  o n c e n t r a t I o n s  o f  2 e r o  
w e r e  c h a n g e d  t o  o n e  t o  a v o i n  

o p e r a t i o n  ( |OG 0) TH 30 UNDEF'NED 

v , ° 9  O K  T h e  d a t a  w e r e  + h Q „  

accord Ing to tbe formula: standardized 

w h e r e :  

Z  

x  

x  

s 

Z = *_Z_x 
s  

t h e  s t a n d a r d i z e d  v a r i a b l e ,  

t h e  o r I g  f  n a I  v a I u e ,  

the mean for that variable, and 

standard deviation of the 

(Huntsberger and SillIngsley, 1977) 
v a r  l a b  I e  

J n  t h i s  G L M  t o c  +  + k a  i i  

^ variance of a 'p t that 

a  P a r + i c u I a r  a n a l y s i s  , o r  a  

done by Agency , (IDWR) a 

= '  tbe same analysis as done by Agency 2 

9 y 2 ( t h i s  pro f e e t  i  Q A n  
samp analyze, by researchers)! s 2 J°Ct" '»"«». 

hypothes I s ,s tbe converse: s * , . 2 J ' 

t e s t  I s  f t  i  .  1  2  •  I s  s a m e  t y p e  o f  

P r o j e c t  , 9 8 , °  ^  ̂  A b " c *  3  " h i .  
' samples analyzed by tbe University of ,dah 

Agricultural Science Analytical Labo • 

V l - s  a r e  t b e  ,  l a b o r a t o r y , .  T a b l a s  y | _ 4  
" e  r e s u l t s  o f  t b e s e  G L M  a n a l y s e s .  
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Table VI-4. Comparison of IDWR and Thrust Geothermal 
project chemical analysis (1980 samples) 

Chemical F Probability of a Accept Null 
Species Value Greater F Value Hypothesis 

pH 2.34 0.1453 yes 
Ca 0.00 0.9830 yes 
Mg 35.55 0.0001 no 
Nc 1.37 0.2587 yes 
K 4.89 0.0420 no 
CI 4.20 0.0571 yes 
HCO-j 2. 2c 0.1510 yes 
SO 3  1.07 0.3157 yes 
S02 1.34 0.2640 yes 

Table IV-5. Comparison o~ Thrust Geothermal project (1980 
samples) and University of Idaho Agricultural 
Science Analytical Laboratory chemical analys 
(1981 samples) 

Chemical f7 Probability of a Accept Null 
Species Value Greater F Value Hypothesis 

Ca 14.02 
Mg 0.14 
Na 0.5S 
K 0.G4 
CI 0.89 
SO, 0.31 
Si02 0.35 

0.0028 no 
0.7119 yes 
0.4571 yes 
0.8373 yes 
0.3649 yes 
0.5863 yes 
0.5637 yes 

276 



• 

T h e  c o m p a r i s o n  i n d i c a t e s  t h a t  d i f f e r e n c e s  b e t w e e n  t h e  

a n a l y s e s  a r e  n o t  g e n e r a l l y  s i g n i f i c a n t ,  i .  e . ,  t h e  n u l l  
,:r. 
§  

h y p o t h e s i s  I s  a c c e p t e d .  T h e s e  r e s u l t s  a p p e a r  q u i t e  g o o d  

c o n s i d e r i n g  t h a t  I t  w a s  n o t  a l w a y s  p o s s i b l e  t o  s a m p l e  t h e  

e x a c t  s a m e  s p r i n g  o u t l e t  s a m p l e d  b y  p r e v i o u s  w o r k e r s ,  * 

s a m p l e s  w e r e  c o l l e c t e d  o v e r  a  n u m b e r  o f  y e a r s  a t  d I f  f e r e n t  

t i m e s  o f  t h e  y e a r  a n d  b y  d i f f e r e n t  r e s e a r c h e r s .  

DJBU 1 9 £jJiJD a m i  Q x y g e n - 1  8  D a t a  
• 

T w e n t y - t w o  s a m p l e s  w e r e  c o l l e c t e d  a n d  a n a l y z e d  f o r  

s t a b l e  I s o t o p e  r a t i o s  o f  d e u t e r i u m  ( D )  t o  H  a n d  o x y g e n - 1 8  t o  

o x y g e n - 1 6  I n  a d d i t i o n  t o  t h o s e  r e p o r t e d  I n  C h a p t e r  I V .  
• 

S o u d e r  ( 1 9 8 3 )  c o m p a r e d  t h e s e  r e s u l t s  t o  t h e  s t a n d a r d  S M O W  

l i n e  ( s e e  C h a p t e r  I V  f o r  a n  e x p l a n a t i o n  o f  t h e  m e t h o d ) .  

O n l y  s a m p l e s  S - 1 3  a n d  S - 1 4  ( B a t t l e  C r e e k  ( W a y  1  a n d )  H o t  
• 

S p r i n g s  a n d  S q u a w  H o t  S p r i n g s  w e l l )  s h o w e d  a n y  e v i d e n c e  o f  

a n  o x y g e n - 1 8  s h i f t  c a u s e d  b y  h e a t i n g  a b o v e  8 0 ° C .  

D i s t i n g u i s h a b l e  e f f e c t s  c a u s e d  b y  d i f f e r e n c e s  I n  r e c h a r g e  
9 

l a t i t u d e  o r  e l e v a t i o n  w e r e  n o t  n o t e d .  

£ar.b2ii Ana I ys I s • 
T w e l v e  s a m p l e s  w e r e  c o l l e c t e d  a n d  a n a l y z e d  f o r  c a r b o n - 1 4  t 

a g e  d a t a  a n a l y s i s  I n  a d d i t i o n  t o  t h o s e  r e p o r t e d  I n  C h  a  p t e r  

I V .  T h e  d a t a  a r e  p r e s e n t e d  o n  T a b l e  V I - 6 .  A n a l y s i s  a n d  • 
I n t e r p r e t a t i o n  o f  r e s u l t s  f o l l o w e d  t h e  p r o c e d u r e s  o u t l i n e d  

• 

2 7 7  

• 
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Table VI - r . .  Isotonic and qoochpmical  character ist ics,  and OSf i r»vi  f . r r l  aqos of  solorted thermal and non-thermal waters in southeastern Idaho 

Name/Locat ion 
Si  to 

ID No. 
pCOz 

(atms) 
HCOj" 
(n|eq) 

co-f  
(meq) pH 

Temp 
(  r . )  

o 

Sample 
l . l r  

(o/)9 PDR) 

Mineral  Soi l  Gas 
1 3C 13C 

(n/oo P0R) (o/oo pdr) 

Sample 
a ' " c  

(pmc) 

Mineral  Soi l  Gas 
A">C Aide 
(pmc) (pmc) 

Est imated 
Aqe/E r rqr  
(yrs BP) 

Treasuielon Warm Spi  inq 
12S dor.  36acdS 

S-IO .30 11.3 ,0-2.5 6.d d9 '1.9 •  20.0 0.96 
•0.07 

0 100 36,000 
• 3.000 

Wi l l  iams Crook Spr inq 
IPS dir .  27bbaS 

B-16 .01 3.R )0-2.6 7.8 6 11.7 '20.0 76.8 
'0.7 

0 150 post bomb 

Soda Spr ings Geyser 
9S 11 r  I  Pad. i  S 

R-7 .36 39. S l o ' 1 - 5  7.2 30 '6.6 0.2d 
•0.07 

0 100 dS.OOO 
•  3.000 

Gem Va I loy Spr inq H? 
ns dor rr .drhs 

B-d .39 22.9 , o " ? 3  7.1 16 '2.2 2.17 
'0.10 

0 100 27,000 
•2,000 

Rlarklnot River Warm 
Spr inq 
SS di l l .  IShacS 

S-2 .  7R 35.7 1 0 _ ?  1  6.6 2R '2.1 0.35 
'0.12 

0 100 d 3.000 
•1.000 

Rrnrkman Warm Spr inq 
25 d?l .  kT>d(.r tS 

11-23 .53 3d. 1 i n " 1  n  6.6 36 2.7 0.32 
•0.09 

0 100 1d.000 
• 1 ,000 

no 

CO 

Wolvor ino Spr inq 
2S 3RF l lbbrS 

Schlutor Spr inq 
3f l  d lE 32bbdS 

S- l  

H-6 

• 0d 

.02 

d.O 

3.6 

,0-2.8 

1 0 - ? " 4  

7.7 

7.d 

19 

22 

-7.5 

-10.d 

d5.5 
'0.90 

59.d 
•0.80 

0 

0 

100 

100 

1,500 
•  dOO 
-200 

50-200 

l ie iso Hot Spr ing 
dN dOE 25ddaS 

H-3 1.B0 16.2 10-2.3 6.3 d8 •1.2 0.31 
'0.10 

0 100 d5,000 
•3,000 

Fal l  Crook MinPra! 
Spr inq 
IN dlC OcbblS 

H-9 .73 20.1 1 0 " 7 ' 5  6.2 2d 0.7 2.20 
•0.13 

0 100 30,000 
•2,000 

Auburn Hot Spr ing 
33N I19W 23dbdS 

11-26 .d3 13.5 l o " 7 4  6.3 60 - I1.2 0.32 
*0.10 

0 100 d5,000 
•3,000 

Maple Grove Hot Spr ing 
13S dlE 7ar;aS 

S - l  1 -d6 7.8 10-2.8 6.d 7')  -0.8 2.79 
*0.  d5 

0 100 26 .000 
•2,500 

Corral  Creek Wel l4 
6S dIE I9bbd 

r - l  .36 d6.6 0 6.6 31 '2.2 •  3.6 0.80 
•O. ld 

0 100 36,500 
'3.000 

Sinkhole Spr ing* 
dS dIE 22bbS 

m - l  .06 8.3 1 0 " 7 ' 5  6.8 19 -3.1 •  3.97 13.9 
•0.2 

0 100 12,500 
• 1,000 

Format ion Spr inq* 
8Sd?E 27cbS 

m - 5  •  Id  10.2 1 0 " 7 ' 7  6.6 I I  1 . 7  • 3.6 12.2 
•0.1 

0 100 Id,500 
•  1,000 

Henry Warm Spr inq #2 
6S d2C 9bcS 

m - u  .23 Id.  3 io"7r '  6.  d 20 - 2 d  •  3.6 6.19 
•0.23 

0 100 20,500 
•2,000 

*0ata reported in Chapter I V .  



I n  C h a p t e r  I V .  M o s t  o f  t h e  t h e r m a l  d i s c h a r g e s  h a d  e s t i m a t e d  

a g e s  g r e a t e r  t h a n  1 0 , 0 0 0  y e a r s .  

Thermal )la±e£ G r o u p s  D e  I  I  n s a t a d  B y  
i l a j s r  l e e  D a t a  a n d  S I  t e  G e o l  o g y  

InlJiQiliiiLtlfiii 

T h e  l a r g e  b o d y  o f  h y d r o c h e m  I  c a I  a n d  p h y s i c a l  d a t a  

p r e s e n t e d  I n  t h i s  c h a p t e r  p r o v i d e s  a  g o o d  b a s i s  u p o n  w h i c h  

t o  b e g i n  t o  I n t e r p r e t  t h e  c h a r a c t e r i s t i c s  o f  g e o t h e r m a l  f l o w  

s y s t e m s  I n  t h e  s t u d y  a r e a .  I t  s h o u l d  b e  n o t e d  t h a t  e a c h  

s a m p l e  p o i n t  r e p r e s e n t s  a  u n i q u e  h y d r o c h e m I s t r y  w h i c h  I s  

a c q u i r e d  I n  r e s p o n s e  t o  t h e  f o l l o w i n g  c o n t r o l s :  1 )  r o c k  

t y p e  t h r o u g h  w h i c h  t h e  w a t e r  p a s s e s ,  2 )  t e m p e r a t u r e ,  3 )  

l e n g t h  o f  f l o w  p a t h  a n d  r e s i d e n c e  t i m e ,  4 )  r e l a t i v e  t i m e  o f  

e n c o u n t e r  o f  a  g i v e n  r o c k  t y p e  a n d  5 )  s o i l  a n d  b i o l o g i c a l  

c h a r c a t e r I s t I c s  o f  t h e  r e c h a r g e  z o n e .  S o u d e r  ( 1 9 8 3 )  

d i s c u s s e s  t h e s e  c o n t r o l s  i n  d e t a i l .  T h e  w a t e r  q u a l i t y  

v a r i e s  s o m e w h a t  f r o m  s i t e  t o  s i t e  e v e n  w i t h i n  a  p a r t i c u l a r  

f l o w  s y s t e m  o r  d i s c r e t e  h y d r o c h e m  I  c a I  e n v i r o n m e n t ,  b u t  

c o n s i s t e n t  t r e n d s  a r e  r e c o g n i z a b l e  f o r  a  p a r t i c u l a r  s y s t e m .  

Graphic A n a l y s i s  T e c h n I q u e s  

F o r  t h i s  s t u d y ,  s t i f f  d i a g r a m s  p r e s e n t e d  o n  a  m a p  o f  t h e  

s t u d y  a r e a  ( F i g u r e  V  I  -  3 )  w e r e  c o n s i d e r e d  t o  b e  t h e  m o s t  

u s e f u l  m e a n s  o f  d i s p l a y i n g  t h e  h y d r o c h e m I c a I  i n f o r m a t i o n .  

T h e  s t i f f  d i a g r a m s  s h o w n  o n  F i g u r e  V  I  -  3  I n d i c a t e  t h a t  
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s e v e r a l  c o n f i g u r a t i o n s  o f  i o n  p r o p o r t i o n s  d o m i n a t e .  I n  t h e  

s o u t h e r n  p o r t i o n  o f  t h e  B a s i n  a n d  R a n g e  p r o v i n c e ,  t h e  

t h e r m a l  s p r i n g s  a r e  a l m o s t  I n e v i t a b l y  d o m i n a t e d  b y  t w o  i o n s  

s o d  I  u r n  a n d  c h l o r i d e .  I n  t h e  c e n t e r  o f  t h e  s t u d y  a r e a ,  

t h e  M e a d e  P e a k  b l o c k  a n d  a d j a c e n t  a r e a ,  c a l c i u m  a n d  

b i c a r b o n a t e  i o n s  d o m i n a t e  w i t h  v a r y i n g  a m o u n t s  o f  m a g n e s i u m  

a n d  s u l f a t e  i o n s  a l s o  p r e s e n t .  T h e r m a l  s p r i n g s  a l o n g  t h e  

S w a n  V a l l e y  t o  S t a r  V a l l e y  t r e n d  h a v e  a  v e r y  s i m i l a r  

h y d r o c h e m I c a I  m a k e - u p  w h i c h  c a n  b e  r e p r e s e n t e d  a s  N a > C a > M g  

a n d  C I  > H C 0  , > 5 0 , . .  F i v e  w i d e l y  s c a t t e r e d  s p r i n g s  a l o n g  t h e  
o 4  

w e s t e r n  p o r t i o n  o f  t h e  s t u d y  a r e a  a r e  d o m i n a t e d  b y  c a l c i u m  

a n d  s u l f a t e  i o n s  w i t h  i o n  a b u n d a n c e  b e i n g  C a > M g > N a >  a n d  

S O ^ H C O - ^ C I .  T h e  r e m a i n i n g  s i t e s  h a v e  a  l o w e r  T D S ,  

g e n e r a l l y  l e s s  t h a n  2 5  m e q / I  a n d  a r e  o f  v a r i a b l e  

c o m p o s i t i o n .  T h e y  a r e  f o u n d  a l o n g  t h e  m a r g i n  o f  t h e  S n a k e  

R i v e r  P l a i n  a n d  s c a t t e r e d  t h r o u g h o u t  t h e  B a s i n  a n d  R a n g e  

a r e a ,  b u t  I n  p a r t i c u l a r  t h e y  a r e  c o n c e n t r a t e d  I n  t h e  

n o r t h e r n  p o r t i o n  o f  t h e  B a s i n  a n d  R a n g e  a r e a .  T h e s e  s p r i n g s  

a r e  d i f f i c u l t  t o  c o r r e l a t e  e x c e p t  I n  t h e  c a s e  o f  p r o x i m a t e  

s i t e s .  I t  i s  I n t e r e s t i n g  t o  n o t e  t h a t  t h e  l o w  T D S  s i t e s  I n  

t h e  s o u t h e r n  p o r t i o n  o f  t h e  B a s i n  a n d  R a n g e  a r e  a l I  f r o m  

w e l l s  r a t h e r  t h a n  s p r i n g s .  T h i s  m a y  i n d i c a t e  t h a t  s a l t  

c o n c e n t r a t i o n s  I n  t h e  u p p e r  a l l u v i u m  a r e  r e s p o n s i b l e  f o r  

h i g h  T D S  I n  m a n y  o f  t h e  s p r i n g s  I n  t h i s  a r e a .  
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S t a t  I  S t  1 c a I  A n a  l y s i s  f l f  M a j o r  I  o n  G r o u p s  

A  s t a t i s t i c a l  a n a l y s i s  w a s  d o n e  I n  o r d e r  t o  p l a c e  t h e  

s i t e s  I n t o  d i s c r e t e  g r o u p s .  T h i s  p r o c e s s  r e q u i r e s  t h e  

s i m u l t a n e o u s  e x a m i n a t i o n  o f  t h e  n i n e  c o n c e n t r a t i o n  

v a r i a b l e s .  T h e  s t a t i s t i c a l  a n a l y s i s  p r o c e d u r e  f o l l o w e d  I s  

d e s c r i b e  I n  C h a p t e r  I I I .  

G r o u p s  w e r e  d e l i n e a t e d  o n  t h e  b a s t s  o f  s i m i l a r  g e o l o g i c  

s e t t i n g s  a n d  s i m i l a r  s t i f f  d i a g r a m  p a t t e r n s .  T h e  g r o u p s  a r e  

a s  f o l l o w s :  G r o u p  1  -  M e a d e  P e a k  b l o c k  c a l c i u m  b l c a r b o a n t e  

s p r i n g s ;  G r o u p  2  -  A d j a c e n t  ( P a r i s  b l o c k )  

c a l c i u m - b i c a r b o n a t e  s p r i n g s ;  G r o u p  3  -  S w a n  V a l l e y  t o  S t a r  

V a l l e y  g r a b e n  s p r i n g s ;  G r o u p  4  -  B a s i n  a n d  R a n g e  h i g h  T D S  

s p r i n g s  ( > 2 5  m e q / 1  ) ;  G r o u p  5  -  l o w  T D S  t h e r m a l  o c c u r r e n c e s  

f r o m  t h e  B a s i n  a n d  R a n g e ,  S n a k e  R i v e r  P l a i n  m a r g i n s ;  a n d  

G r o u p  6  -  M a p l e  G r o v e  a n d  M o u n d  V a l l e y  a r e a .  T h e  

c a I c I u m - s u I f a t e  s p r i n g s  w e r e  n o t  c o n s i d e r e d  s i n c e  t h e y  a r e  

f e w  I n  n u m b e r  a n d  w i d e l y  s e p a r a t e d .  

A  s t e p w i s e  M A N O V A  a n a l y s i s  ( S A S  I n s t i t u t e  I n c . ,  1 9 7 9 )  

w a s  r u n  t o  d e t e r m i n e  I f  t h e  g r o u p s  c h o s e n  f r o m  a n  

e x a m i n a t i o n  o f  t h e  s t i f f  d i a g r a m s  a n d  t h e  g e o l o g i c  s e t t i n g  

c a n  b e  d i f f e r e n t i a t e d  s t a t i s t i c a l l y ,  a n d  w h i c h  h y d r o c h e m I c a I  

v a r i a b l e s  a r e  t h e  m o s t  u s e f u l  I n  d i s c r i m i n a t i n g  b e t w e e n  t h e  

g r o u p s .  T h e  h y p o t h e s i s  t e s t e d  w a s  t h a t  t h e  m e a n  o f  t h e  

c o m b i n e d  d i s t r i b u t i o n  o f  c h e m i c a l  c o n s t i t u e n t s  o f  o n e  g r o u p  

( j U j )  I s  e q u a l  t o  t h e  m e a n s  o f  t h e  c o n s t i t u e n t s  o f  t h e  o t h e r s  

t  
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( • 2 »  : 3 '  ^ h e  n u ' '  h y p o t h e s i s  ( HQ)  c a n  t h u s  b e  s t a t e d  

a s  v  ̂  =  i * 2  =  v - 3  =  •  •  •  a n d  t h e  a l t e r n a t e  h y p o t h e s i s  i s  t h e  

c o n v e r s e  ( H u b b e l l ,  1 9 8 1 ) .  

A  d i s c r i m i n a n t  a n a l y s i s  ( S A S  I n s t i t u t e  I n c . ,  1 9 7 9 )  w a s  

r u n  u s i n g  t h e  m o s t  s i g n i f i c a n t  v a r i a b l e s  ( S o u d e r ,  1 9 8 3 ) .  

S u c h  a n  a n a l y s i s  e n a b l e s  d e t e r m i n a t i o n  o f  w h e t h e r  a n  

o b s e r v a t i o n  f a l l s  s t a t i s t i c a l l y  I n t o  t h e  g r o u p  i n t o  w h i c h  I t  

w a s  p l a c e d  o n  t h e  b a s i s  o f  g e o l o g i c a l  s e t t i n g  a n d  s t i f f  

d i a g r a m  p a t t e r n .  O b s e r v a t i o n s  w h i c h  a r e  n o t  s t a t i s t i c a l l y  

c o n s i s t e n t  w i t h  t h e  g r o u p s  i n t o  w h i c h  t h e y  w e r e  o r i g i n a l l y  

p l a c e d  a r e  r e c l a s s i f i e d .  T h e  r e s u l t s  o f  t h i s  t e s t  I n d i c a t e d  

t h a t  8 4  p e r c e n t  o f  t h e  o b s e r v a t i o n s  a r e  s t a t i s t i c a l l y  

c o n s i s t e n t  w i t h  t h e  g r o u p s  I n t o  w h i c h  t h e y  w e r e  o r i g i n a l l y  

p l a c e d .  S e v e n  o b s e r v a t i o n s  w e r e  s t a t i s t i c a l l y  r e c l a s s i f i e d  

I n t o  g r o u p s  w h i c h  c o u l d  n o t  b e  J u s t i f i e d  g e o l o g i c a l l y  

( S o u d e r ,  1 9 8 3 ) .  I n  p a r t i c u l a r ,  t h e  d i s c h a r g e s  I n  M o u n d  

V a l l e y  a n d  t h o s e  a l o n g  t h e  W e s t  G e m  V a l l e y  w e r e  r e c l a s s i f i e d  

f r o m  G r o u p  6  t o  G r o u p  1 .  G r o u p  1  t h u s  r e p r e s e n t s  m o d e r a t e  

c a r b o n a t e  s p r i n g s .  

KAILQL MM±XM±M E q u  i  I  I  b r  I  a  _an.d Spe c  I  a t  I  o n  

W A T E Q F ,  a  F O R T R A N  I V  v e r s i o n  o f  a  c o m p u t e r  p r o g r a m  t h a t  

m o d e l s  t h e r m o d y n a m i c  s p e c i a t l o n  o f  I n o r g a n i c  I o n s  a n d  

c o m p l e x  s p e c i e s  I n  s o l u t i o n  f o r  a  g i v e n  w a t e r  a n a l y s i s  w a s  

r u n  u t i l i z i n g  t h e  d a t a  p r e s e n t e d  i n  t h i s  c h a p t e r  ( s e e  

C h a p t e r  I I I  f o r  a  d e s c r i p t i o n  o f  t h e  p r o g r a m ) .  
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R e s u l t s  o f  t h e  W A T E Q F  a n a l y s i s  I n d i c a t e  t h a t  t h e  s i t e  

g r o u p s  m e n t i o n e d  e a r l e r  h a v e  d i s t i n c t i v e  s a t u r a t i o n  

c h a r a c t e r i s t i c s  ( s e e  S o u d e r  ( 1 9 8 3 )  f o r  t a b u l a t e d  r e s u l t s ) .  

T h e  S w a n  V a l l e y  t o  S t a r  g r a b e n  ( G r o u p  3 )  t h e r m a l  s p r i n g s  a r e  

a l l  s u p e r s a t u r a t e d  ( H - 3 )  t o  s l i g h t l y  u n d e r s a t u r a t e d  ( 1 - 2 2 )  

w i t h  r e s p e c t  t o  a r a g o n l t e ,  c a l c l t e ,  a n d  d o l o m i t e .  T h e  M e a d e  

P e a k  t h r u s t  b l o c k  t h e r m a l  s p r i n g s  ( G r o u p  1 )  a r e  s a t u r a t e d  t o  

s l i g h t l y  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c l t e  a n d  

a r a g o n l t e .  T h e  a d j a c e n t  P a r i s  t h r u s t  b l o c k  

c a l c i u m - b i c a r b o n a t e  t h e r m a l  s p r i n g s  ( G r o u p  2 )  a r e  a l l  

s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  a r a g o n l t e ,  c a l c l t e ,  a n d  

d o l o m i t e .  T h e  B a s i n  a n d  R a n g e  h l g h - T D S  t h e r m a l  s p r i n g s  a n d  

w e l l s  ( G r o u p  4 )  a r e  a l m o s t  a l l  s u p e r s a t u r a t e d  w i t h  r e s p e c t  

t o  a r a g o n l t e ,  c a l c l t e ,  d o l o m i t e ,  t a l c ,  a n d  t r e m o l i t e .  T h e  

e x c e p t i o n s  b e i n g  t h a t  s p r i n g s  B - 3 1  ,  S — 1 3 ,  a n d  1 - 1 5  a r e  a t  

s a t u r a t i o n  w i t h  r e s p e c t  t o  a r a g o n l t e ,  s p r i n g s  S - 1 3  a n d  1 - 1 5  

a r e  u n d e r  s a t u r a t e d  w i t h  r e s p e c t  t o  t a l c  a n d  t r e m o l i t e  a n d  

t h e  t h e r m a l  s p r i n g s  o f  t h e  M a l a d  V a l l e y  g e n e r a l l y  a r e  

u n d e r s a t u r a t e d  I n  a l l  o f  t h e  m i n e r a l s .  T h e  l o w - T D S  s p r i n g s  

o f  t h e  B a s i n  a n d  R a n g e  a n d  a l o n g  t h e  m a r g i n  o f  t h e  S n a k e  

R i v e r  P l a i n  ( G r o u p  5 )  a l s o  t e n d  t o  b e  s a t u r a t e d  w i t h  r e s p e c t  

t o  t a l c  a n d  t r e m o l i t e ,  e x c e p t i o n s  b e i n g  1 - 4  a n d  H - 1  .  T h e s e  

s p r i n g s  a n d  w e l l s  a r e  h i g h l y  v a r i a b l e  a s  t o  t h e i r  d e g r e e  o f  

s a t u r a t i o n  w i t h  r e s p e c t  t o  t h e  o t h e r  m i n e r a l s  u n d e r  

d i s c u s s i o n .  
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. In t raduc t lgn  

T h e  t h e r m a l  w a t e r s  o f  t h e  s t u d y  a r e a  w e r e  s e e n  I n  t h e  

p r e c e e d i n g  s e c t i o n s  t o  f a l l  I n t o  s e v e r a l  h y d r o c h e m i c a I  t y p e s  

w h i c h  c o r r e s p o n d  t o  g e o l o g i c  e n v i r o n m e n t s .  T h e s e  

h y d r o c h e m I c a I  e n v i r o n m e n t s  a r e  s u m m a r i z e d  I n  t h i s  s e c t i o n .  

A d d i t i o n a l  d e t a i l s  o n  t h e  h y d r o g e o I o g I c  c o n t r o l s  f o r  t h e  

t h e r e m a l  s y s t e m s  I s  p r e s e n t e d  f o r  a r e a s  n o t  d i s c u s s e d  I n  

p r e v i o u s  c h a p t e r s .  

IJueoia! Jfitelnrn nl ±t£ Ye liny ±g Star 
Ya I  l ey  Gra l&n and A joJ icnn l  Areas  ( G r o u p  I I  

T h e  f o u r  g r o u p s  o f  t h e r m a l  s p r i n g s  a l o n g  S w a n  V a l l e y  t o  

S t a r  V a l l e y  h a v e  t e m p e r a t u r e s  r a n g i n g  f r o m  6 6 ° C  a t  A l p i n e  

H o t  S p r i n g  ( 1 - 2 1 )  t o  2 3 ° C  a t  F a l l  C r e e k  M i n e r a l  S p r i n g s  ( H —  9  

a n d  H — 1 0 )  ( C h a p t e r  I I I ) .  A l l  o f  t h e s e  s p r i n g s  e m e r g e  a l o n g  

t h e  s o u t h w e s t  s i d e  o f  a  g r a b e n  a l o n g  t h e  S n a k e  R i v e r  f a u l t ,  

e x c e p t  H e i s e  H o t  S p r i n g s  ( H - 3 )  w h i c h  I s  a l o n g  t h e  H e i s e  

f a u l t .  

T h e  S w a n  t o  S t a r  V a l l e y  t h e r m a l  s p r i n g s  h a v e  T D S  v a l u e s  

r a n g i n g  f r o m  6 , 0 0 0  t o  9 , 0 0 0  m g / I .  T h e  d o m i n a n t  i o n s  a r e  

s o d i u m  a n d  c h l o r i d e  b u t  t h e  o t h e r  m a j o r  i o n s  a r e  a l s o  w e l l  

r e p r e s e n t e d .  T h e  r e l a T l v e  I o n i c  c o n c e n t r a t i o n s  a r e  

g e n e r a l l y  N a > C I > M g  a n d  C ^ H C O ^  > S 0 ^ .  H o w e v e r  a t  A l p i n e  H o t  

S p r i n g  ( 1 - 2 1 )  a n d  A u b u r n  H o t  S p r i n g  ( H - 2 6 ) ,  s u l f a t e  e x c e e d s  

b i c a r b o n a t e .  T h e  e s t i m a t e d  a g e s  o f  t h e  d i s c h a r g e s  a r e  a l l  

g r e a t e r  t h a n  2 5 , 0 0 0  y e a r s .  
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A n  u n n a m e d  s p r i n g  o n  R o c k  C r e e k  ( H - 1 4 )  a n d  B r o c k m a n  

W a r m  S p r i n g  ( H - 2 3 )  t o  t h e  w e s t  o f  t h e  C a r i b o u  R a n g e  h a v e  

w a t e r  c h e m i s t r i e s  w h i c h  a r e  s t a t i s t i c a l l y  g r o u p e d  w i t h  t h o s e  

o f  t h e  S w a n  V a l l e y  t o  S t a r  V a l l e y  g r a b e n .  T h e s e  t w o  t h e r m a l  

s p r i n g s  h a v e  v e r y  s i m i l a r  c h e m i s t r i e s  w h i c h  d i f f e r  f r o m  

t h o s e  o f  t h e  S w a n  V a l l e y  t o  S t a r  V a l l e y  s p r i n g s  p r i m a r i l y  I n  

t h e i r  h i g h  s o d  I  u r n  t o  c h l o r i d e  r a t i o  ( 6 : 1 )  a n d  h i g h  s u l f a t e  

c o n c e n t r a t i o n  ( 5 0  a n d  6 0  m e q .  r e s p e c t i v e l y ) .  

Iiisrmal ol ±hs Meads P e a k  
.Thrust JBIq s K IGrajm JJ. 

T h e  t h e r m a l  w a t e r s  o f  t h e  M e a d e  P e a k  t h r u s t  b l o c k  a l l  

e m e r g e  f r o m  e x t e n s i o n a l  f a u l t s  a l o n g  t h e  w e s t e r n  m a r g i n  o f  

t h e  t h r u s t  b l o c k  ( C h a p t e r  I V ) .  T h e  t e m p e r a t u r e s  o f  t h e s e  

s p r i n g s  v a r y  f r o m  1 5  t o  2 6 ° C .  T h e  t h e r m a l  w a t e r s  o f  t h e  

M e a d e  P e a k  t h r u s t  b l o c k  a r e  u n i f o r m l y  o f  t h e  c a l c i u m  

b i c a r b o n a t e  t y p e .  T h e  T D S  o f  t h e s e  s p r i n g s  g e n e r a l l y  

v a r i e s  f r o m  b e t w e e n  8 0 0  t o  1 5 0 0  m g / I .  S o d i u m ,  c h l o r i d e ,  a n d  

s u l f a t e  c o n c e n t r a t i o n s  a r e  n e g l i g i b l e  i n  a l l  o f  t h e  s p r i n g s .  

T h e  t h e r m a l  s p r i n g s  o f  t h e  W e s t  G e m  V a l l e y  f a u l t  s y s t e m ,  

a l s o  p l a c e d  I n  G r o u p  1 ,  h a v e  b i c a r b o n a t e  c o n c e n t r a t i o n s  o f  

1 0 - 1 8  m e q / I  a n d  T D S  v a l u e s  o f  9 0 0 - 2 , 4 0 0  m g / l .  T e m p e r a t u r e s  

o f  t h e s e  w a t e r s  v a r y  f r o m  2 2 ° C  a t  B - 2 8  u p  t o  4 1 ° C  a t  S - 4 .  

S o d i u m  a n d  p o t a s s i u m  a c c o u n t  f o r  b e t w e e n  2 0 - 3 0 $  o f  t h e  

c a t i o n  e q u i v a l e n t s  ( v e r s u s  n o  m o r e  t h a n  1 8 $  a t  t h e  m o s t  

s a l i n e  o f  t h e  h i g h  b i c a r b o n a t e  g r o u p ) .  P a r t i a l  p r e s s u r e s  o f  

285 



C 0 2 l n  t h e s e  d i s c h a r g e s  a r e  0 . 1 5 - 0 . 8 5  a t m o s p h e r e s .  T h e  

W A T E Q F  s a t u r a t i o n  a n a l y s i s  f o r  a r a g o n l t e ,  c a l c i t e ,  a n d  

d o l o m i t e  I n d i c a t e d  t h a t  c o n d i t i o n s  v a r i e d  f r o m  s l i g h t l y  

s u p e r s a t u r a t e d  ( a t  S - 4 )  t o  u n s a t u r a t e d  ( a t  B - 2 8 ) .  S p r i n g s  

a l o n g  t h i s  t r e n d  a r e  n o t  l a r g e  t r a v e r t i n e  d e p o s i t o r s  a t  t h i s  

t i m e ,  b u t  a p p a r e n t l y  w e r e  I n  t h e  p a s t  a s  e v i d e n c e d  b y  

e x t e n s i v e  t r a v e r t i n e  d e p o s i t s  I n  t h e  v i c i n i t y  o f  B - 2 8 ,  B - 3 0 ,  

S - 7  a n d  f u r t h e r  s o u t h  a t  t h e  e n d  o f  t h e  v a l l e y .  S o u d e r  

( 1 9 8 3 )  p r e s e n t s  a d d i t i o n a l  d i s c u s s i o n  o f  t h e  C O ^  l e v e l s  I n  

t h e  a r e a .  

M i t c h e l l  ( 1 9 7 6 )  h a s  f o u n d  t h a t  a q u i f e r  t e m p e r a t u r e  

b a s e d  o n  s i l i c a  g e o t h e r m o m e t r y  I n  t h e  B l a c k f o o t  R e s e r v o i r  

a r e a  d o  n o t  e x c e e d  5 G ° C .  S t a b l e  I s o t o p e  r e s u l t s  c o n f i r m  

t h i s  c o n c l u s i o n  I n d i c a t i n g  t h a t  t h e  w a t e r  h a s  n e v e r  a t t a i n e d  

t e m p e r a t u r e s  o f  g r e a t e r  t n e n  8 0 ° C .  

I-hgrma I WateiLS qi t i e  A r e a s  A d  i s c e n t  
la lh& Meade E&ai Bitih (Group 21 

S e v e r a l  t h e r m a l  s p r i n g s  a n a  w e l l s  a r i s e  f r o m  t h e  P a r i s  

t h r u s t  b l o c k  w e s t  o f  t h e  M e a d e  P e a k  b l o c k .  T h e  s o u t h e r n  

p o r t i o n  o f  t h i s  b l o c k  I s  d i s c u s s e d  I n  C h a p t e r  V .  T h i s  

t h r u s t  b l o c k  I s  c o m p o s e d  o f  1 0 0 0  t o  3 5 0 0  m  o f  M I  s s I s s I p p  I  a n  

t h r o u g h  P r e c a m b r l a n  r o c k s  t h r u s t  o v e r  l o w e r  T r i a s s i c  t o  

u p p e r  P a l e o z o i c  r o c k s  ( A r m s t r o n g ,  1 9 6 9 ;  R o y s e  a n d  o t h e r s ,  

1  9 7 5  ) .  T h e  P a r i s  b l o c k  i s  b o u n d e d  o n  t h e  e a s t  b y  t h e  B e a r  

V a l l e y  g r a b e n  a n d  b y  e x t e n s i o n a l  f a u l t s  a l o n g  t h e  B l a c k f o o t  

L a v a  F i e l d .  T h e  w e s t e r n  m a r g i n  i s  u n c e r t a i n  b u t  t h e  b l o c k  
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I s  t r u n c a t e d  b y  t h e  G e m  V a l l e y  g r a b e n  ( A r m s t r o n g ,  1 9 6 9 ) .  

T h e  P o r t n e u f  R a n g e ,  w h i c h  l i e s  J u s t  w e s t  o f  t h e  G e m  V a l l e y ,  

I s  c o m p o s e d  o f  t h e  s a m e  s e q u e n c e  o f  r o c k s  a s  t h e  P a r i s  

B I o c k .  

T h e  p a t t e r n  o f  d i s c h a r g e  l o c a t i o n s  I n  t h e  P a r i s  B l o c k  

a r e a  I s  m o r e  c o m p l i c a t e d  t h a n  t h a t  o f  t h e  M e a d e  P e a k  b l o c k .  

T w o  s p r i n g s  a n d  t w o  f l o w i n g  a r t e s i a n  w e l l s  ( S - 2 ,  S - 3 ,  B - 7  

a n d  B - 1 )  e m e r g e  a l o n g  a  t r e n d  o f  e x t e n s l o n a l  f a u l t s  w h i c h  

r u n s  f r o m  t h e  w e s t  s i d e  o f  t h e  B e a r  R i v e r  V a l l e y  g r a b e n  

n o r t h  a l o n g  t h e  w e s t  s i d e  o f  t h e  B l a c k f o o t  R e s e r v o i r .  T w o  

s p r i n g s  a n d  a  f l o w i n g  a r t e s i a n  w e l l  ( B - 3  a n d  B - 4 )  a r i s e  f r o m  

t h e  E a s t  G e m  V a l l e y  f a u l t  J u s t  e a s t  o f  t h e  S o d a  S p r i n g s  

H i l l s .  F o u r  s p r i n g s  ( S - 4 ,  B - 2 8 ,  B - 3 0  a n d  S - 7 )  e m e r g e  n e a r  

t h e  t r a c e  o f  t h e  W e s t  G e m  V a l l e y  b o u n d a r y  f a u l t  s y s t e m .  

A l l  o f  t h e  c a l c i u m  b i c a r b o n a t e  t y p e  s p r i n g s  w e r e  

I n i t i a l l y  g r o u p e d  f o r  p u r p o s e s  o f  t h e  d i s c r i m i n a n t  

s t a t i s t i c a l  a n a l y s i s .  H o w e v e r ,  t h e  S A S  d i s c r i m i n a n t  

a n a l y s i s  p l a c e d  t h e  s p r i n g s  a n d  w e l l  o n  t h e  w e s t  s i d e  o f  t h e  

B l a c k f o o t  R e s e r v o i r  ( S - 2 ,  S - 3  a n d  B - 1 ) ,  S o d a  S p r i n g s  

" G e y s e r "  ( B - 7 ) ,  a n d  t h e  s p r i n g  a n d  w e l l  a l o n g  t h e  E a s t  G e m  

V a l l e y  f a u l t  ( B - 3  a n d  B - 4 )  I n  a  g r o u p  d i s t i n c t  f r o m  t h e  

s p r i n g s  o f  t h e  M e a d e  P e a k  b l o c k  ( G r o u p  1 ) .  T h e s e  s p r i n g s  a n d  

w e  I  I s  a r e  r e f e r r e d  t o  h e r e  a s  t h e  " h i g h  b i c a r b o n a t e  t h e r m a l  

w a t e r s " .  T h e  s p r i n g s  o n  t h e  W e s t  G e m  V a l l e y  f a u l t  s y s t e m  
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a r e  g r o u p e d  w i t h  t h o s e  o f  t h e  M e a d e  P e a k  b l o c k  b u t  m a y  b e  

d i s t i n g u i s h e d  b y  t h e i r  a p p r e c i a b l e  s o d i u m  c h l o r i d e  c o n t e n t .  

S p r i n g s  i n  t h e  h i g h  b i c a r b o n a t e  g r o u p  h a v e  b i c a r b o n a t e  

c o n c e n t r a t i o n s  w h i c h  v a r y  f r o m  2 5 - 5 0  m e q / l  a n d  T D S  v a l u e s  

w h i c h  r a n g e  f r o m  2 , 2 0 0 - 5 , 3 0 0  m g / l .  T e m p e r a t u r e s  o f  t h e  

w a t e r s  o f  t h i s  g r o u p  v a r y  f r o m  1 5 ° C  a t  B - 3  t o  4 0 ° C  a t  B - 1 .  

S i t e s  S - 2 ,  S - 3 ,  B - 1  a n d  B - 7  h a v e  a  r a t h e r  h i g h  r a t i o  o f  

s u l f a t e  t o  b i c a r b o n a t e - - u p  t o  0 . 6 .  A l l  o f  t h e s e  t h e r m a l  

o c c u r r e n c e s  h a v e  c a l c u l a t e d  P C 0 2  v a l u e s  o f  a t  l e a s t  0 . 2 9  

a t m o s p h e r e s  a n d  a t  o n e  s i t e ,  S - 3 ,  t h e  P C 0 2  I s  0 . 8 4 .  T h e  

r e s u l t s  o f  t h e  W A T E Q F  c a l c u l a t i o n s  s h o w  t h a t  a l l  o f  t h e s e  

s p r i n g s  a r e  s u p e r  s a t u r a t e d  w i t h  r e s p e c t  t o  a r a g o n l t e ,  

c a l c l t e ,  a n d  d o l o m i t e  a n d  t h a t  t h e  h i g h  s u l f a t e  s p r i n g s  a r e  

o v e r  5 0 $  s a t u r a t e d  w i t h  r e s p e c t  t o  a n h y d r i t e  a n d  g y p s u m .  

T h e  r e s u l t s  o f  t h e  D / 1 8 0  a n a l y s i s  w o u l d  I n d i c a t e  t h a t  

a q u i f e r  t e m p e r a t u r e s  f o r  t h e  h i g h  b i c a r b o n a t e  s p r i n g s  h a v e  

n e v e r  b e e n  g r e a t e r  t h a n  8 0 ° C .  T h e  r a d i o c a r b o n  g r o u n d  w a t e r  

a g e s  r e p o r t e d  i n  T a b l e  V  I  —  7  I n d i c a t e  l o n g  r e s i d e n c e  t i m e s  

f o r  t h e s e  w a t e r s .  

W a t e r s  ± J i £  R a j i - L e  G r o v e  A r e a  

T h e  M a p l e  G r o v e  a r e a  l i e s  I n  a  h i g h l y  f a u l t e d  a n d  

f r a c t u r e d  z o n e  n e a r  t h e  c o n v e r g e n c e  o f  t h e  E a s t  a n d  W e s t  G e m  

V a l l e y  f a u l t  s y s t e m .  T h i s  a r e a  a l s o  m a r k s  t h e  c o n v e r g e n c e  

o f  t h e  P o r t n e u f  a n d  B e a r  R i v e r  R a n g e s .  T h e  t h e r m a l  s p r i n g s  

I n c l u d e d  I n  t h i s  g r o u p  a s  b y  t h e  d i s c r i m i n a n t  a n a l y s i s  a r e  
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S - 8 ,  S - 1 0 ,  S - 1  1  a n d  S — 1 2 .  T h e s e  s p r i n g s  a r e  a l l  l o c a t e d  

a l o n g  a  s i x  k i l o m e t e r  r e a c h  o f  t h e  B e a r  R i v e r .  A n  i n i t i a l  

a t t e m p t  t o  I n c l u d e  s p r i n g s  a t  s i t e s  B - 2 8 ,  B - 3 0 ,  S - 7 ,  B —  1 7  

a n d  S - 9  o n  t h e  b a s i s  o f  p r o x i m i t y  a n d / o r  a p p r e c i a b l e  s o d i u m  

c h l o r i d e  c o n t e n t  w a s  n o t  a l l o w e d  b y  t h e  d i s c r i m i n a n t  

a n a l y s i s .  

T h e  t h e r m a l  s p r i n g s  o f  t h e  M a p l e  G r o v e  a r e a  v a r y  I n  

t e m p e r a t u r e  f r o m  4 0 ° C  a t  T r e a s u r e t o n  W a r m  S p r i n g  ( S - 1 0 )  t o  

7 5 ° C  a t  M a p l e  G r o v e  H o t  S p r i n g s  ( S - 1 1 ) .  T h e s e  s p r i n g s  a l l  

h a v e  s o d i u m  c h l o r i d e  t y p e  w a t e r s ,  b u t  a l s o  h a v e  a p p r e c i a b l e  

c o n c e n t r a t i o n s  o f  t h e  o t h e r  m a j o r  I o n s .  T h e  C l e v e l a n d  H o t  

S p r i n g s  (  S - 8  a n d  S - 9 )  h a v e  c o n s i d e r a b l y  m o r e  c a l c i u m ,  

b i c a r b o n a t e ,  a n d  s u l f a t e  t h a n  t h e  M a p l e  G r o v e  H o t  S p r i n g s  

( S - 1 1  a n d  S - 1 2 ) .  I n  t h i s  r e s p e c t  t h e y  a r e  I n t e r m e d i a t e  

b e t w e e n  t h e  c a l c i u m  b i c a r b o n a t e  t y p e  s p r i n g  a t  S - 7  a n d  t h e  

p r e d o m i n a n t l y  s o d i u m  c h l o r i d e  s p r i n g  a t  M a p l e  G r o v e .  T h e  

M a p l e  G r o v e  H o t  S p r i n g s  a r e  q u i t e  s i m i l a r  i n  t h e i r  m a j o r  i o n  

c o m p o s i t i o n  t o  t h e  t h e r m a l  s p r i n g s  o f  t h e  B a s i n  a n d  R a n g e  

P r o v i n c e  w h i c h  a r e  d i s c u s s e d  I n  t h e  n e x t  s e c t i o n ,  a l t h o u g h  

t h e y  h a v e  a  s o m e w h a t  h i g h e r  p r o p o r t i o n  o f  c a l c i u m ,  

b i c a r b o n a t e ,  m a g n e s i u m ,  a n d  s u l f a t e .  

T h e  W A T E Q F  a n a l y s i s  o f  s a t u r a t i o n  I n d i c a t e s  t h a t  t h e  

M a p l e  G r o v e  g r o u p  o f  t h e r m a l  w a t e r s  v a r i e s  f r o m  s o m e w h a t  

o v e r s a t u r a t e d  t o  s o m e w h a t  u n d e r s a t u r a t e d  w i t h  r e s p e c t  t o  

a r a g o n l t e ,  c a l c l t e ,  a n d  d o l o m i t e .  T h e  e x c e p t i o n  t o  t h i s  i s  



s i t e  S - 1 2  w h i c h  I s  h i g h l y  u n d e r  s a t u r a t e d  w i t h  r e s p e c t  t o  a l l  

o f  t h e  a b o v e  m i n e r a l s .  C h a l c e d o n y  g e o t h e r m o m e t r y  I n d i c a t e s  

a q u i f e r  t e m p e r a t u r e s  o f  7 6 ° C  a t  T r e a s u r e t o n  W a r m  S p r i n g  u p  

t o  8 6 ° C  a t  M a p l e  G r o v e  H o t  S p r i n g .  R a d i o c a r b o n  g r o u n d  w a t e r  

a g e s  a r e  3 6 , 0 0 0  y e a r s  B . P .  a t  S - 1 0  a n d  2 6 , 0 0 0  y e a r s  B . P .  a t  

S - 1 1  .  

Xh£riD3l Wat£i:.£ q± ±h£ iLa-sin ami Range £raylnce 

T h e  B a s i n  a n d  R a n g e  P r o v i n c e  a c c o u n t s  f o r  t h e  e n t i r e  

p o r t i o n  o f  t h e  s t u d y  a r e a  w e s t  o f  t h e  P o r t n e u f  R a n g e .  T h i s  

p h y s i o g r a p h i c  p r o v i n c e  i s  c h a r a c t e r i z e d  b y  g e n e r a l l y  

n o r t h - s o u t h  t r e n d i n g  n o r m a l  f a u l t s  o f  l a r g e  d i s p l a c e m e n t .  

M a n y  o f  t h e s e  f a u l t s  h a v e  e x p e r i e n c e d  m o v e m e n t  I n  r e c e n t  

t i m e s  ( W I t k t n d ,  1  9 7 5  )  a n d  a s  s u c h  a r e  t h o u g h t  t o  p r o v i d e  

e x c e l l e n t  c o n d u i t s  f o r  t h e  f l o w  o f  t h e r m a l  w a t e r s .  R y b a c k  

( 1 9 8 1 )  d e s c r i b e s  t h i s  a r e a  a s  a  t h i n - c r u s t e d  r e g i o n  o f  h i g h  

h e a t  f l o w  c a u s e d  by t h e  I n t r u s i o n  o f  m a f i c  m a g m a s .  H e  

c h a r a c t e r i z e s  t h e  g e o t h e r m a  I  s y s t e m s  a s  " h o t  s p r i n g  

d i s c h a r g e s  I n  f a u l t / f r a c t u r e  z o n e s ,  e s p e c i a l l y  w h e r e  t h e s e  

e n c o u n t e r  t o p o g r a p h i c  l o w s " .  A l l  o f  t h e  t h e r m a l  s p r i n g s  

c o n s i d e r e d  b y  t h i s  s t u d y  a r e  l o c a t e d  n e a r  n o r m a l  f a u l t s  o r  

e m e r g e  f r o m  t h e  a l l u v i u m  o f  a d j a c e n t  g r a b e n s .  

T h e  p r e v a l e n t  t y p e  o f  t h e r m a l  w a t e r  I n  t h e  B a s i n  a n d  

R a n g e  P r o v i n c e  i s  d o m i n a t e d  b y  s o d i u m  a n d  c h l o r i d e  a n d  

d e p l e t e d  I n  a l l  o t h e r  I o n s .  T o t a l  d i s s o l v e d  s o l i d s  ( T D S )  

r a n g e  f r o m  l e s s  t h a n  5 0 0  m g / 1  I n  s o m e  o f  t h e  C a c h e  V a l l e y  
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w e l l s  ( U - 7  a n d  B - 3 2 )  u p  t o  4 3  , 5 0 0  m g / l  a t  C r y s t a l  H o t  

S p r i n g s  ( U - 1 ) .  T e m p e r a t u r e s  v a r y  f r o m  b a r e l y  t h e r m a l  I n  t h e  

a b o v e  m e n t i o n e d  w e l l s  t o  8 2 ° C  a t  S q u a w  H o t  S p r i n g  w e l l  

( S - 1 4 ) .  T h e  r e s u l t s  o f  t h e  d i s c r i m i n a n t  a n a l y s i s  p l a c e  a l l  

o f  t h e  t h e r m a l  w a t e r s  h a v i n g  g r e a t e r  t h a n  1 , 2 0 0  m g / l  T D S  I n  

a  s i n g l e  g r o u p .  T h o s e  t h e r m a l  s p r i n g s  a n d  w e l l s  w i t h  l e s s  

t h a n  1 , 2 0 0  m g / l  w e r e  p l a c e d  I n  a  s e p a r a t e  g r o u p  w h i c h  l u m p e d  

t h e m  w i t h  o t h e r  l o w  T D S  w a t e r s .  T h e s e  l o w  T D S  w a t e r s  o f  t h e  

B a s i n  a n d  R a n g e  c o m e  f r o m  t w o  d i s t i n c t  e n v i r o n m e n t s :  1 )  

B a s i n  a n d  R a n g e  v a l l e y s  t r i b u t a r y  t o  t h e  S n a k e  R i v e r  a n d  2 )  

f r o m  w e l l s  I n  t h e  p o r t i o n  o f  t h e  B a s i n  a n d  R a n g e  w h i c h  I s  

t r i b u t a r y  t o  t h e  G r e a t  S a l t  L a k e .  

T y p i c a l l y  t h e  t h e r m a l  w a t e r s  o f  t h e  B a s i n  a n d  R a n g e  

P r o v i n c e  a r e  s a t u r a t e d  o r  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  

a r a g o n i t e ,  c a l c l t e ,  d o l o m i t e ,  t a l c  a n d  t r e m o l l t e .  T h i s  

a p p l i e s  t o  b o t h  h i g h  a n d  l o w  T D S  s p r i n g s .  T h e  o n l y  

I m p o r t a n t  e x c e p t i o n s  a r e  t h e  s p r i n g s  o f  t h e  M a l a d  V a l l e y  

w h i c h  a r e  s l i g h t l y  s u p e r s a t u r a t e d  t o  u n s a t u r a t e d  w i t h  

r e s p e c t  t o  c a l c l t e ,  a r a g o n i t e ,  a n d  d o l o m i t e  a n d  u n s a t u r a t e d  

w i t h  r e s p e c t  t o  t a l c  a n d  t r e m o l l t e .  A  f e w  o t h e r  t h e r m a l  

w e l l s  ( S - 1 3 ,  1 - 1 5 ,  U - 7  a n d  U - 8 )  a r e  a l s o  u n d e r s a t u r a t e d  w i t h  

r e s p e c t  t o  t a l c  a n d  t r e m o l l t e .  

A  m a j o r  c o n s i d e r a t i o n  f o r  t h e  s p r i n g s  a n d  w e l l s  o f  t h e  

B a s i n  a n d  R a n g e  P r o v i n c e  I s  t h e  s o u r c e  o f  t h e  h i g h  

c o n c e n t r a t i o n s  o f  s o d i u m  a n d  c h l o r i d e .  T h e s e  c o n s t i t u e n t s  
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m i g h t  b e  c o n c e n t r a t e d  i n  g r o u n d  w a t e r s  a s  a  r e s u l t  o f .  

t h e i r  p r e s e n c e  i n  t h e  s e d i m e n t a r y  s e q u e n c e ,  2 )  t h e i r  

p r e s e n c e  I n  t h e  v a l l e y  a l l u v i u m ,  o r  3 )  g r a d u a l  a c c u m u l a t i o n  

d u e  t o  l e a c h i n g  o f  m a r i n e  s e d i m e n t a r y  r o c k s  o v e r  t h e  c o u r s e  

o f  a  l o n g  f l o w  s y s t e m  o r  l o n g  r e s i d e n c e  t i m e s .  A l l  o f  

t h e s e  m e c h a n i s m s  f o r  s a l t  a c c u m u l a t i o n  w i l l  r e s u l t  i n  m o l a r  

r a t i o s  o f  c h l o r i d e  t o  s o d  I  u r n  c l o s e  t o  u n i t y .  

I t  h a s  b e e n  p r e v i o u s l y  n o t e d  t h a t  t h e r m a l  w a t e r s  f r o m  

w e l l s  I n  t h e  G r e a t  S a l t  L a k e - t r  I  b u t a r y  v a l l e y s  a r e  l o w e r  I n  

s o d i u m  c h l o r i d e  t h a n  t h e  t h e r m a l  s p r i n g s  I n  t h e  s a m e  r e g i o n .  

T h e  d e e p e s t  w e l l  ( U - 8 )  o f  t h o s e  c o n s i d e r e d  I n  t h e  C a c h e  

V a l l e y  h a s  a  T D S  o f  l e s s  t h a n  5 0 0  m g / l  a n d  I s  a l s o  c o o l e r  

t h a n  t h e  t h e r m a l  s p r i n g s  o f  t h e  C a c h e  V a l l e y .  M u r p h y  a n d  

G w y n n  ( 1 9 7 9 )  p r e s e n t  a  m o d e l  w h i c h  a c c o u n t s  f o r  t h e  l a r g e  

v a r i a t i o n s  i n  s a l i n i t y  b y  m i x i n g .  T h e i r  m o d e l  s u g g e s t s  t h a t  

s a l i n e  t h e r m a l  w a t e r s  f l o w i n g  u p  a l o n g  f a u l t  z o n e s  b o u n d i n g  

t h e  l o w e r  M a t e d  R i v e r  V a l l e y  ( U t a h )  m i x  w i t h  l o w  T D S  c o o l e r  

w a t e r  f r o m  t h e  s a t u r a t e d  a l l u v i u m  o f  t h e  v a l l e y .  T h i s  m o d e l  

w o u l d  b e  c o n s i s t e n t  w i t h  t h e  l o w e r  t e m p e r a t u r e s  a n d  l o w e r ,  

b u t  s t i l l  e q u i - m o i a r ,  c o n c e n t r a t i o n s  o f  s o d i u m  a n d  c h l o r i d e  

f o u n d  I n  t h e  t h e r m a l  w e l l s .  

F e t h  ( 1 9 6 5 )  p r e s e n t s  a  m a p  w h i c h  s h o w s  s a l i n e  g r o u n d  

w a t e r  a t  d e p t h s  o f  l e s s  t h a n  1 5 0  m  I n  t h e  G r e a t  S a l t  

L a k e - t r i b u t a r y  v a l l e y s  o f  s o u t h e r n  I d a h o  a n d  n o r t h e r n  U t a h .  

T h i s  w o u l d  s u g g e s t  t h e  p r e s e n c e  o f  s a l t s  I n  t h e  a l l u v i u m  

J 
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' J Z l  " f  9 V a P O r a t ' ° -  ^  — o n s  M g h t  a c c o u n t  f o r  
e q u l - m o l a r  c o n c e n t r a t i o n s  o f  s o n  

^  w a t e r s  o f  t h e  C a c  "  ^  

-  C o r , e . y a ,leys. "" C" " " '  R l y e r , « a , a d .  

"7 * - -
-  - — "  -,  a n d  c f l '  o r '  d e  b u t  a l w a y s  

-  — n t r a t l o n s .  T „ e  s o d l o e  t o  c h l o r i d e  r a t i o s  a r e  

V  v a r i a b l e ,  p r o b a b l y  I n d i c a t i n g  t h a t  h a l i t e  n o t  t h e  

z rt h e s e  c o n s m u e n t s -  -  -  . .  

carbonate concentrations ar« 
°ns are consistent with th« , 

partial pressores of CO (PCo , , " 

p a r h a p s  . ,  t b  t h e  *  *  " ' " ' - f -  P v  W A T E Q F  a n d  

t h l  a r  a v a , , a t " ' , t y  O f  c a r b o n a t e  r o c h s  
this portion of the r=Ci 

BaS'n and R a " 9 e .  The Raft R  

I  n  

g e o t h e r m a  I  . e | | s  ( r - , )  " " "  ^  r l ] " " ~  

w a t e r s .  ^  S " +  t h . r . . ,  
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C H A P T E R  V  I  I  

G E O T H E R M A L  A N A L Y S I S  F R O M  R E G I O N A L  D E E P  D R I L L I N G  

Q b j g C t  i  Y e . S .  a n d  M e t h o d  o f  S t u d y  

T h e  g e n e r a l  o b j e c t i v e  o f  t h i s  p o r t i o n  o f  t h e  s t u d y  I s  t o  

u t i l i z e  d a t a  f r o m  d e e p  d r i l l i n g  t o  h e l p  d e f i n e  t h e  c o n t r o l s  

f o r  g e o t h e r m a l  s y s t e m s  I n  s o u t h e a s t e r n  I d a h o .  T h i s  s t u d y  I s  

b a s e d  u p o n  t h e  h y p o t h e s i s  t h a t  t h r u s t  a s s o c i a t e d  s t r u c t u r a l  

f e a t u r e s  a n d  r e g i o n a l  s t r a t i g r a p h y  f o r m  t h e  m a j o r  c o n t r o l s  

f o r  g e o t h e r m a l  s y s t e m s  I n  s o u t h e a s t e r n  I d a h o .  

T h e  s p e c i f i c  o b j e c t i v e s  e r e  l i s t e d  b e l o w :  

1 .  u t i l i z e  d r i l l i n g  d a t a  f r o m  o i l  a n d  g a s  e x p l o r a t i o n  w e l l s  

t o  d e l i n e a t e  t h r u s t  a s s o c i a t e d  s t r u c t u r a l  f e a t u r e s ,  

2 .  o b t a i n  a n d  e v a l u a t e  t e m p e r a t u r e  d a t a  f r o m  d e e p  d r i l l i n g ,  

a n d  

3 .  u t  I  I  I  z e  t h e s e  d a t a  t o  d e s c r i b e  c o n t r o l s  f o r  g e o t h e r m a l  

s y s t e m s  I n  s o u t h e a s t e r n  I d a h o .  

T h i s  s t u d y  w a s  c o n d u c t e d  b y  I d e n t i f y i n g  a n d  c o n t a c t i n g  

s o u r c e s  o f  d e e p  d r i l l i n g  d a t a .  G e o l o g i c  a n d  t e m p e r a t u r e  

d a t a  f r o m  o i l  a n d  g a s  e x p l o r a t i o n  w e l l s  w e r e  t h e n  c o m p i l e d  

a n d  a n a l y z e d  t o  d e t e r m i n e  c o n t r o l s  o n  g e o t h e r m a l  s y s t e m s  I n  

s o u t h e a s t e r n  I d a h o .  
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W i l d c a t  e x p l o r a t i o n  f o r  o i l  a n d  g a s  h a s  b e e n  c o n d u c t e d  

I n  t h e  I d a h o  s e g m e n t  o f  t h e  o v e r t h r u s t  b e l t  s i n c e  1 9 2 6 .  A  

t o t a l  o f  4 2  d e e p  e x p l o r a t i o n  w e l l s  h a v e  b e e n  d r i l l e d  t o  d a t e  

I n  t h i s  p o r t i o n  o f  t h e  s t a t e .  L o c a t f o n s  o f  t h e s e  w e l l s  a r e  

s h o w n  o n  F i g u r e  V I  1  —  1  .  D a t a  a v a i l a b l e  o n  t h e s e  s i t e s  r a n g e  

g r e a t l y  I n  q u a n t i t y  a n d  q u a l i t y .  L i t t l e  d a t a  a r e  a v a i l a b l e  

o n  m o s t  o f  t h e  w e l l s  d r i l l e d  b e f o r e  1 9 5 0 .  W e l l s  d r i l l e d  I n  

t h e  l a s t  3 0  y e a r s  a r e  g e n e r a l l y  d e e p e r  a n d  b e t t e r  d a t a  a r e  

u s u a l  I y  a v a  l i a b l e .  

A  l i s t i n g  o f  o i l  a n d  g a s  w e l l s  d r i l l e d  I n  s o u t h e a s t e r n  

I d a h o  I s  p r e s e n t e d  o n  T a b l e  V I  1 - 1 .  G e n e r a l  d a t a  s u c h  a s  

l o c a t i o n ,  o p e r a t o r ,  d a t e ,  e l e v a t i o n  a n d  t o t a l  d e p t h  a r e  

g i v e n .  T h e  a v a i l a b i l i t y  o f  g e o l o g i c  o r  t e m p e r a t u r e  d a t a  f o r  

t h e s e  w e l l s  I s  a l s o  s h o w n .  

JG£s±Qgl.c Dg±a 

G e o l o g i c  d a t a  a r e  a v a i l a b l e  o n  1 3  o f  t h e  w e l l s  

I n v e n t o r i e d .  G e o l o g i c  d a t a  o b t a i n e d  f r o m  e x p l o r a t i o n  w e l l s  

c o n s i s t  o f  a  l i s t  o f  d e p t h s  a t  w h i c h  v a r i o u s  f o r m a t i o n s  w e r e  

p e n e t r a t e d .  T h i s  I n f o r m a t i o n  I s  g e n e r a l l y  r e f e r r e d  t o  a s  

t h e  " f o r m a t i o n  t o p s " .  T o  o b t a i n  m o s t  o f  t h e  d a t a ,  I t  w a s  

n e c e s s a r y  t o  p u r c h a s e  t o p  c a r d s  f r o m  , ; 3 e t r o l e u m  I n f o r m a t i o n  

C o r p o r t l o n ,  a  s e r v i c e  d e a l i n g  w i t h  d r i l l i n g -  d a t a .  G e o l o g i c  

295 



Explanation 

• - WEIL LOCATION 

27 - WELL NUMBER 

(refor to tablo 3d-I) 

V't  -J—r 
o  

30 Mil** 
' i J 

40 K i lorn* 11* r \ 

P, . 

\ ' 

I 41 

A '  * IDAHO ' ILLS 
/ 

( • 

3A 37 31 39 .U0 41 42 A3 44 45 
j " 3  '  ' ' " a  ) 4. 

5Piyl,mr4*t ' 

MK A '* ' \ 

7 
Q  

r o  
v o  CTi 

.24 

\  -j".  

•»#(// 

'•y 
/ 

12 

14 

23« 

• J7 
15 * 13 16 

25 

l fl/nf i f&ot \ 
I ( P'**' /v». v 
M ) 

• '  1 0  1 1  
•  «  

; iSOD^^PPlNGS 

20 
.19 *18 

22 
26 

27 
76 77 7* 29 JO 31 32 33 34 35 36 37 • 3D 39 40 I 41 42 43 \ 44 45 •*6 

woNtPFLten 

30 J>\ '3 
V /  

29 

31 MA! AR CITY 

33 

37 
.38 

, / " 
' ' 

34 S , PAC9T0M 15 

39." ' 

^'•28 j 

32A' ... l •" 

35* 
\ 1 ' ) 

m9 V I  itii* 

i 36 41 
140 • • 
i. 

Figure V I 1 - T . Location o f  o i l  and gas wells in southeastern Idaho. 



Tab!2 V11-1. Inventory of oil and gas wells dril led in southeastern Idaho. 

PO 
CO 

Number Location County 

1  3 N  41E 33cc Bonnev i 1 le 
2  I N  44E 24bc Bonnev i 1 le 
3  I S  39E 8cca Bi nyham 

4  2 5  41E 2ai.a b i ngham 
S  2 S  44E 23db Bonnev i1le 

6  2 S  44E 24bcC bonnev i 1 le 
7  3 S  46E 36cc Bonnevi1le 

8  4 S  42E 9  a  a  c  Bonnev i11e 
9  5 S  44E 2c. u; CariLou 

1 0  7 S  44E 32aab Cari bou 

1 1  7 S  46E 34ccd Cari buu 
1 2  9 S  30E 35bb Power 
1 3  9 S  42E 27dad Cari bou 
1 4  10S 33E 36dc Power 
1 5  10S 36E l4db Bannock 
1 6  10S 37E 19cb Bannock 
1 7  IDS 37E l V c c  Bannock 
1 8  10S 43E 13dcd Bear Lake 

1 9  10S 43E 2 lada Bear Lake 

2 0  IDS 46E 8bda Cari bou 
2 1  10S 46E 20dd Cari bou 

10S 46E 28bdd Cari bou 
2 3  l i s  33E 2ba Power 
2 4  12S 25E 1 7  b b  Cassia 

2 5  12S 38E 8dca Bannock 
2 6  12S 43E 3cd Bear Lake 
2 7  12S 46E 30bc Bear Lake 

2 8  13S 4  4  E  2  2  c  c  d  Bear Lake 
2 9  I3S 46E 29dea Bear Lake 

W e l l  N a m e  

Sorenson No. 1 
Government No. 1 
Hoff 1-8 M 

Ki riy No. 2-1 
8  i  i j  C 1  k  M o  u  n  I  a  i  r i  
No. 1 
T. J. Weber No. 1-A 
black Muunlai n 
Tederal No. 1 
Gentile Valley No. 1 
Stoor "A" No. 1 
Dry Valley 

Tygee Nu. 1 
No. 1 
Ira Ellis Nu. 1 
Porter No. 1 
AshletLe No. 1 
Arimo Valley No. 2 
Arimo Va 1 ley No. 1 
big Canyon Federal 
No. 1-13 
State No. 1 

Federal No. 1-8 
F e d e r a l  E l k  V a l l e y  
No. 1 
Amerada Tl-Wl 
Arbon Valley No. 1 

bannock 1-A8 
Bennington No. 3-24 
Bear Lake Federal 
No. 1 
Jensen No. 21-1 
Ri gby Willi ams 
No. 1 

Operator 

California Company 
Edwin A1Iday 
U n i o n  O i l  o f  
Culi forniu 
American quasar 
Sun-Sinelair 

Pan American 
American Quasar 

Continental Oil 
Phi 11 ips Petro leuni 
Standard Oil of 
Cali fornia 
Great Western Oi 1 
Rockland Valley Oil 
James Fraizer 
States Ui1 
Cache Oi 1 arid Gas 
Norton Oi1 and Gas 
Norton Oil and Gas 
Union Texas Petroleum 

Eastern Idaho 
Development Co. 
Mjy Petroleum 
May Petroleum 

Amerada Petro le uii 
Ge.n State Petroleun 
Marsh Basin Oi 1 and 
Gas 
NuDuy Exploration 
Ladd Petroleum 
Rocky Mountain Oi 1 

Ameri can Quasar 
Cities Service Co, 

Completion 
Date 

Elevation 
(meters) 

Total 
Dept h 

(meters) 
Available Data 
Geology Temp. 

1930 1783 1150 c  
1966 1695 1756 
1979 1737 2625 

1978 2012 4132 c  d  
1960 2473 1710 c  d  

1964 2433 2962 c  
1977 2693 4368 c  d  

197B 2080 3021 c  ( j  
l'J80a 2059 246 
1952 2060 2337 c  

1926 1890 74fj 
1926 1432° 472 
1956 1753b 1079 
1969 1575 1176 
1958 1701b 915 
1928 1463 823 
1927 1448 412 
1979 2070 3577 c  d  

1956 1865 1195 

1978 2337 5104 c  d  
1976 2294 1194 c  d  

1963 2285 1254 c  d  
1926 1596 1175 
1926 1402b 183 

1978 1743 561 
1979 1963 3590 
1954 2195b 1528 

197B 1806 3360 d  
1979 1879 2513 



Table VII-1. Continued. 

r\a 
CO 
00 

..... 
• - — " " 

Total 
Completion Elevation Depth Avai lahle Data 

Number Location County Well Name Operat.or Date (meters ) (meters) Geology lemp 

.10 141 26E lhd Cassi a Griff ith-White No. 1 Al Gri f f i  th and 1973 1417b 2134-
Simplot 2438 

11 143 30 E lOcc One i  da Juniper No. 1 Phi 11 i  ps Petro 1 nijm 1991 1610 2129 
and Utah Southern 

1? 14S 44E 31r.cb Bear l.akn 99 x 101 J. Holme Dun ford 1977 1808 247 
VI 193 271 31 cd (.a".r. i  a No. 1 A 1 Gri1fi th and 1*174 14/I: ' '  1219 

S imp lo I  
3*1 113 S 38E 36Ha Frank 1i n Idaho Wi 1 let. N o .  1 Willed, r lying 1966 140? 1362 

Sorv i  ce 
in 1' 13 43E ldd Rear Lake 99 x 104 J. Holme Dunford 1977 1808 247 
If. 193 49E 34aa Roar Lake Government. She " P  Standard nl 1934 2137 2063 

Creek No. 1 Cali fornia 
37 16S 27E 9cd Cassia No. 1 A1 Gri f f i  th and 1974 1521 1250 

Simplot 
38 16S 28E 20 bd Cassia Nielson No. 1 A1 Gri f f i  th and 1973 1610 21*9 

Simplot 
21*9 

39 16S 38E 15ab Frankli n August Jensen No. 1 Utah-Idaho 1956 140?b 1595 

40 16S 
Development 

40 16S 45E 21 bbc Bear Lake North Eden Federal American Quasar 1980 2103 2862 c d 
No. 22-11 

41 16S 46E 6bba Bear Lake North Rabbit Creek American Quasar 1980 2055 3539 d 
Federal No. 6-21 

4? 16S 46E lObc Bear Lake Grace Federal American Quasar 1978 2323 3615 c d 
No. 10-1 

Wei) not completed. 

Estimated from topographic map. 

Data on formations penetrated obtained. 

Data from bottom-hole temperature, high resolution temperature log or dri l l  stem test obtained. 



d a t a  f r o m  d e e p  d r i l l  i n g ,  s u c h  a s  f o r m a t i o n  t o p s ,  c a n  b e  u s e d  

t o  i n t e r p r e t  t h e  s u b s u r f a c e  s t r u c t u r e  i n  t h e  a r e a .  

A n a l y s i s  o f  d e e p  d r i l l i n g  d a t a  i n d i c a t e s  t h a t  s e v e r a l  

w e l l s  d r i l l e d  I n  s o u t h e a s t e r n  I d a h o  p e n e t r a t e d  t h r u s t  z o n e s .  

M a n y  o f  t h e  s t r u c t u r a l  f e a t u r e s  a r e  I d e n t i f i e d  b y  t h e  o i l  

c o m p a n i e s  u s i n g  s o p h i s t i c a t e d  g e o p h y s i c a l  p r o s p e c t i n g .  

I d e n t i f i c a t i o n  o f  t h r u s t s  o r  t h r u s t  z o n e s  I n  d r i l l  h o l e s  I s  

p a r t i a l l y  b a s e d  u p o n  e v i d e n c e  o f  a n  a l t e r e d  s t r a t I  g r a p h  I c  

s e q u e n c e .  W e l l s  m a y  p e n e t r a t e  a  r e p e a t  o f  s e c t i o n  o r  

i n t e r s e c t  a  s t r a t i g r a p h i c a  I  I  y  o l d e r  f o r m a t i o n  a b o v e  a  

y o u n g e r  f o r m a t i o n .  T h e  z o n e s  b e t w e e n  a l t e r e d  s t r a t i g r a p h i c  

s e q u e n c e s  a r e  i n t e r p r e t e d  b y  o i l  c o m p a  e s  t o  b e  t h r u s t s  o r  

t h r u s t  z o n e s .  

E x a m p l e s  o f  t h i s  i n t e r p r e t a t i o n  c a n  b e  s e e n  o n  f o u r  

g e o l o g i c  l o g s  p r e s e n t e d  o n  T a b l e  V I  I  -  2 .  T h e  U n i o n  T e x a s  

P e t r o l e u m  w e l l .  B i g  C a n y o n  F e d e r a l  N o .  1 - 1 3 ,  p e n e t r a t e d  t h e  

P e n n s y I v a n I  a n  W e l l s  F o r m a t i o n  a n d  t h e  M I s s I s s I p p l a n  M a d i s o n  

F o r m a t i o n .  D r i l l i n g  t h e n  e n c o u n t e r e d  t h e  y o u n g e r  J u r a s s i c  

T w i n  C r e e k  F o r m a t i o n .  I n t e r p r e t a t i o n  o f  t h i s  w e l l  b y  U n i o n  

T e x a s  P e t r o l e u m  p l a c e s  t h e  M e a d e  t h r u s t  b e t w e e n  t h e  M a d i s o n  

F o r m a t i o n  a n d  t h e  T w i n  C r e e k  F o r m a t i o n .  

A n  e x a m p l e  o f  a  r e p e a t  o f  s e c t i o n  i s  s h o w n  i n  t h e  

g e o l o g i c  l o g  o f  w e l l  F e d e r a l  N o .  1 - 8  d r i l l e d  b y  M a y  

P e t r o l e u m  ( T a b l e  V I  I  —  2 )  .  T h i s  w e l l  p e n e t r a t e d  a  n o r m a l  

s e q u e n c e  o f  s t r a t a  f r o m  t h e  U p p e r  J u r a s s i c  P r u e s s  F o r m a t i o n  

t h r o u g h  l o w e r  T r l a s s l c  D i n w o o d y  F o r m a t i o n .  T h e  w e l l  t h e n  
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Table VII-2. Examples of geologic logs from four wells dril led 
in southeastern Idaho showing faults penetrated. 

. Formation Depth Penetrated 
Well Name and Location Formation Age Name (meters) 

Eic Car,yon Federal No. 1-13 Perr.syl vanian Wells 0-638 
10S 43E 13dcd Mississippi an Madisor. 638-841 

-fault-
Middle Jurassic Twin Creek 841-1176 
Lower Jurassic Nugget 1176-1442 
Upper Triassic Ankareh 1142-1561 
Lower Triassic Thaynes 1561-3186 
Lower Triassic Woodside 3186-3307 
Lower Triassic Di nwoody 3307-3557 

total depth 3557 

Federal No. 1-8 Upper Jurassic Pruess 0-495 
10S 463 6oda Middle Jurassic Twin Creek 495-2332 

Low:- Jurassic Nugget 2232-2635 
Lr.De- Triassic Ankareh 2635-2996 
Lov.er Triassic Thaynes 2996-3545 
Lower Triassic Woodside 3545-3606 
Lower Triassic Di nwpody 3606-3971 

-fault-
Lew-:- Triassic Woodsi de 3971-4606 
Lowe- Triassic Di-woody 4606-510-

total deotn 5105 

G'-ace r-jdera j No. 10- i loper- Jurassic PrwrSS 0-503 
I C S  d O E  1 0 o c  Mictlr Jurassic Twir Creek 503-1353 

Low-'- Jurassic Nugget 1353-1650 
U p p e - Triassic Ar...3rc-h 1650-1607 

-f_ult-
L" Jurassic Nujoet 1 6 0 7 - 0 1 2 2  

"riassic Ar.- ;reh - 1 9 :  _ " 1 r  

Lower Triassic Thaynes 2518-3057 
Lower Triassic Woodside 3057-3245 
Lower Triassic Di nwoody 3245-3439 
Perr.i an Phosphori a 3439-3524 
Per.nsylvanian Wei Is 3524-3615 

total depth 3615 

King No. 2-1 Cretaceous (?) Unnamed 0-218 
2S dit 2aca Lower Cretaceous Gannett 218-8C2 

Lower Cretaceous Ephraim 802-976 
Upper Jurassic Stump 976-1160 
Upper Jurassic Pruess 1160-1556 

-fault-
Upper Jurassic Stump 1556-1584 
U p p e r  Jurassic Pruess 1584-1629 
Micdie Jurassic Twin Creek 1829-2603 
Lowe- Jurassic Nugget 260S-095G 
U p p e r  Triassic Ankareh 2960-3347 
L o w e r  Triassic Woodside 3347-3447 
Lower Triassic Di nwoody 3447-4022 
Pennsyl vani ar, Wei Is 4022-4132 

total depth 4132 
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I n t e r s e c t e d  t h e  l o w e r  T r l a s s l c  W o o d s f d e  a n d  O t n w o o d y  

f o r m a t i o n s  f o r  a  s e c o n d  t i m e .  I n t e r p r e t a t i o n  I n d i c a t e s  a  

t h r u s t  f a u l t  I s  b e t w e e n  t h e  r e p e a t  o f  s e c t i o n  ( W a g n e r ,  

w r i t t e n  c o m m u n i c a t i o n ,  1 9 8 0 ) .  O t h e r  r e p e a t s  o f  s e c t i o n  a r e  

s h o w n  o n  t h e  g e o l o g i c  l o g s  o f  w e l l s  G r a c e  F e d e r a l  N o .  1 0 - 1  

a n d  K i n g  N o .  2 - 1  d r i l l e d  b y  A m e r i c a n  Q u a s a r .  

T h e  B i g  C a n y o n  F e d e r a l  N o .  1 - 1 3  d r i l l e d  b y  U n i o n  T e x a s  

P e t r o l e u m  p e n e t r a t e d  t h e  M e a d e  t h r u s t  a t  8 4 3  m  b e l o w  t h e  

s u r f a c e .  W a t e r  r e p o r t e d l y  f l o o d e d  t h e  h o l e  a t  a  d e p t h  o f  

7 5 0  m .  I t  I s  n o t  k n o w n  w h e t h e r  t h i s  I n c r e a s e d  f l o w  o f  w a t e r  

I n t o  t h e  h o l e  w a s  a s s o c i a t e d  w i t h  t h e  t h r u s t  f e a t u r e .  

N o n e  o f  t h e  d a t a  f r o m  d e e p  d r i l l i n g  I n d i c a t e d  t h a t  t h e  

t h r u s t  z o n e s  h a d  e i t h e r  s i g n i f i c a n t l y  h i g h e r  o r  l o w e r  

h y d r a u l i c  c o n d u c t i v i t y  t h a n  t h e  a d j a c e n t  u n i t s .  I t  I s  

p r o b a b l e  t h a t  t h e  m o s t  I m p o r t a n t  h y d r o l o g l c  I m p a c t  o f  t h e  

t h r u s t  z o n e s  a t  d e p t h  i s  t h e  d i s r u p t i o n  o f  t h e  n o r m a l  

s t r a t I  g r a p h  I c  s e q u e n c e  o f  f o r m a t i o n s .  

ISjDj2srsljjra Gala iram Deep D r i l l i n g  

T e m p e r a t u r e  d a t a  w e r e  o b t a i n e d  o n  1 3  o f  t h e  d e e p  w e l l s  

d r i l l e d  i n  s o u t h e a s t e r n  I d a h o  ( T a b l e  V I  I  - 3 )  .  D a t a  f o r  e a c h  

w e l l  v a r i e s  I n  q u a n t i t y  a n d  q u a l i t y .  T h r e e  f o r m s  o f  

t e m p e r a t u r e  d a t a  a r e  a v a i l a b l e  f r o m  o i l  a n d  g a s  e x p l o r a t i o n  

w e l l s :  1 )  h i g h  r e s o l u t i o n  t e m p e r a t u r e  l o g  ( H R T ) ,  2 )  b o t t o m  

h o l e  t e m p e r a t u r e  ( B H T ) ,  a n d  3 )  d r i l l  s t e m  t e s t  t e m p e r a t u r e  
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Table VII-3. Temperature data obtained on wells dril led in 
southeastern Idaho. 

Well Name and Location 

Type of 
Temperature 
Measurement 

Measurement 
Depth or Interval 

(meters) 

Maximun Recorded 
Temperature 

(3C) 

King No. 2-1 
2S 41E 2aca 

Big Elk Mountain No. 1 
2S 44E 23db 

Black Mountain Federal Nc 
3S 45E 36cc 

Gentile Valley No. 1 
4S 42E 9acc 

Big Canyon Federal No. 1-13 
10S 43E 13dcd 

Federal No. 1-8 
10S 46E 8bda 

Federal Elk Valley No. I  
10S 46E 20dd 

Amerada Tl-Wl 
10S 46E 28bdd 

Jensen 21-11 
13S 44E 22ccd 

North Eden Federal No. 22-11 
16S 45E 21bbc 

North Rabbit Creek Federal No. 6-21 
16S 46E 6bba 

Grace Federal No. 10-1 
16S 46E lObc 

Stoor A »1 
5S 44E 2? 

HRT 

DST 

BHT 
BKT 
6HT 
BKT 

BHT 
BHT 
HRT 
HRT 
HRT 

DST 
DST 
DST 
DST 
DST 

BKT 
BKT 
BHT 
BKT 
EHT 
BHT 

BKT 

BKT 
BHT 

BKT 

DST 
DST 

BHT 

BHT 

HRT 
KRT 
HRT 

0-3810 

1538-1545 

2040 
2709 
3673 
4158 

1175 
2913 
3010 

0-1149 
0-2915 
0-3008 

837- 845 
1595-1615 
3015-3053 
3301-3360 
3524-3551 

963 
2740 
3014 
4825 
4914 
5105 

1194 

610 
1219 

3500 

2473-2551 
2557-2618 

3537 

3615 

0-2485 
0-4103 
0-4483 

210* 

103* 

50 
73 
92 

100* 

160 
158 
150 

6 8  
166 
160* 

110 
104 
143 
159 
161* 

33 
83 
79 

138 
151 

40* 

29 
49* 

74* 

81 
92* 

80* 

83* 

138 
154 
190 

* indicates temperatures used tc calculate gradient. 
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( D S T ) .  T h e  a p p l i c a b i l i t y  o f  t h e s e  d a t a  t o  a  g e o t h e r m a l  

I n v e s t i g a t i o n  I s  l i m i t e d  b e c a u s e  t h e  d a t a  w e r e  c o l l e c t e d  t o  

a i d  o i l  a n d  g a s  e x p l o r a t i o n  a n d  n o t  f o r  t h e  a s s e s s m e n t  o f  

g e o t h e r m a l  s y s t e m s .  T e m p e r a t u r e  d a t a  a r e  a l s o  l i m i t e d  b y  

t h e  a c c u r a c y  o f  t h e  i n s t r u m e n t s  a n d  t h e  p r o c e d u r e  u s e d .  

H R T  l o g s  a r e  m a d e  w i t h  a  r e s i s t a n c e  t h e r m o m e t e r ,  a n  

e l e m e n t  w h o s e  e l e c t r i c a l  r e s i s t a n c e  c h a n g e s  w i t h  t e m p e r a t u r e  

( L y n c h ,  1 9 6 2 ) .  H R T  l o g s  a r e  g e n e r a l l y  r u n  b y  t h e  p e t r o l e u m  

I n d u s t r y  t o  c h e c k  t h e  p l a c e m e n t  o f  t h e  c e m e n t  g r o u t s .  

D r y i n g  c e m e n t  g e n e r a t e s  h e a t ,  t h u s ,  t h e  l o c a t i o n  o f  t h e  

c e m e n t  c a n  b e  d e t e r m i n e d  b y  r u n n i n g  a n  H R T  l o g .  G i v e n  t h e  

l i m i t a t i o n s ,  t h e  H R T  l o g  c a n  a l s o  b e  u s e d  t o  p r o f i l e  t h e  

t e m p e r a t u r e  i n  t h e  b o r e h o l e .  S u m m a r i e s  o f  H R T  l o g s  f o r  

e i g h t  w e l l s  a r e  p r e s e n t e d  I n  F i g u r e s  V  I  I  —  2  t o  V I  I  —  9 .  T h e  

d i f f i c u l t y  I n  i n t e r p r e t i n g  H R T  l o g s  i s  d e m o n s t r a t e d  b y  t h e  

d i f f e r e n c e s  b e t w e e n  t h e  m u l t i p l e  l o g s  f o r  G e n t  I  I e  V  a  I  I e y  # 1 - 9  

( F i g u r e  V I  I — 3 a , b , c )  a n d  S t o o r  A  # 1  ( F i g u r e  V l l - 4 a , b , c ) .  

T e m p e r a t u r e s  a t  t h e  b o t t o m  o f  a  w e l l  a r e  r e c o r d e d  w h e n  

u s i n g  m o s t  e l e c t r i c  a n d  r a d i o a c t i v e  l o g g i n g  t e c h n i q u e s .  A  

m a x i m u m  r e c o r d i n g  r e s i s t a n c e  t h e r m o m e t e r  i s  u s e d  t o  r e c o r d  

t h e  m a x i m u m  t e m p e r a t u r e  a t  t h e  b o t t o m  o f  a  w e l l .  T h e  B H T  I s  

u s e d  a s  a  t e m p e r a t u r e  c o r r e c t i o n  t o  c a l i b r a t e  e l e c t r i c a l  a n d  

r a d i o a c t i v e  l o g s .  T h e  c i r c u l a t i o n  o f  d r i l l i n g  f l u i d s  i n  t h e  

w e l l  g r e a t l y  a f f e c t s  t h e  t e m p e r a t u r e  e q u i l i b r i u m .  

G e n e r a l l y ,  s u i t e s  o f  e l e c t r i c a l  a n d  r a d i o a c t i v e  l o g s  a r e  r u n  

a f t e r  d r i l l i n g  h a s  s t o p p e d  a n d  t h e  f l u i d  i n  t h e  h o l e  h a s  
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Figure VII-5. High resolution temperature log for Federal 1-8 Elk Valley 
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r e a c h e d  a p p r o x i m a t e  e q u i l i b r i u m .  F o r  t h e  p u r p o s e  o f  t h i s  

s t u d y ,  B H T  r e a d i n g s  a r e  c o n s i d e r e d  t o  r e p r e s e n t  t h e  a c t u a l  

t e m p e r a t u r e  a t  t h e  g i v e n  d e p t h .  

A  d r i l l  s t e m  t e s t  i s  t h e  t e m p o r a r y  c o m p l e t i o n  o f  a  w e l l  

d u r i n g  d r i l l i n g  o r  a f t e r  s e t t i n g  c a s i n g  t o  m e a s u r e  f o r m a t i o n  

p r e s s u r e s  a n d  t o  o b t a i n  s a m p l e s  o f  f o r m a t i o n  f l u i d s  o r  g a s e s  

f o r  e v a l u a t i o n  ( J e n n e r ,  1 9 7 3 ,  p .  1 2 7 ) .  D r i l l  s t e m  t e s t s  

a r e  m a d e  b y  l o w e r i n g  a  v a l v e ,  a  p a c k e r  a n d  a  l e n g t h  o f  

p e r f o r a t e d  p i p e  o n  t h e  e n d  o f  t h e  d r i l l  p i p e  t o  t h e  l e v e l  o f  

t h e  f o r m a t i o n  t o  b e  t e s t e d .  T h e  p a c k e r  i s  s e t  t o  s e a l  o f f  

t h e  I n t e r v a l  f r o m  t h e  m u d  c o l u m n  a b o v e .  T h e n  t h e  v a l v e  i s  

o p e n e d  a l l o w i n g  t h e  f o r m a t i o n  f l u i d  t o  f l o w  I n t o  t h e  h o l e  

a n d  b e  p r o d u c e d  t h r o u g h  t h e  d r i l l  p i p e  ( L y n c h ,  1 9 6 2 ) .  T h e  

t e m p e r a t u r e  o f  t h e  f o r m a t i o n  f l u i d  i s  r e c o r d e d  d u r i n g  t h e  

d r i l l  s t e m  t e s t .  T h i s  D S T  t e m p e r a t u r e  I s  c o n s i d e r e d  t o  b e  

r e p r e s e n t a t i v e  t e m p e r a t u r e  o f  t h e  f l u i d  I n  t h e  f o r m a t i o n  

( P r e s t w l t c h ,  v e r b a l  c o m m u n i c a t i o n ,  1 9 8 0 ) .  

Geoliisoial £rad I enl 

T h e  e a r l i e s t  e s t i m a t e  o f  a  g e o t h e r m a l  g r a d i e n t  f o r  t h e  

a r e a  I s  4 . 0 ° C / 1 0 0  m  ( M a n s f i e l d ,  1 9 2 7 ,  p .  3 2 0 ) .  M i t c h e l l  

( 1 9 7 6 b )  e s t i m a t e d  a n  I d e n t i c a l  g r a d i e n t  f o r  t h e  B l a c k f o o t  

R e s e r v o i r  a r e a .  B a s e d  u p o n  h e a t  f l o w ,  s t u d i e s  o f  t h e  S n a k e  

R i v e r  P l a i n  r e g i o n ,  B r o t t  a n d  o t h e r s  ( 1 9 7 6 )  e s t i m a t e d  t h e  

g r a d i e n t  n e a r  R e x b u r g ,  I d a h o ,  t o  b e  i n  t h e  r a n g e  o f  
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1 . 6 - 1 1 . 8  °  C / 1  3  m .  T h e  a v e r a g e  g e o t h e r m a l  g r a d i e n t  f o r  t h e  

e a r t h ' s  c r u s t  a s  a  w h o l e  I s  a p p r o x i m a t e l y  2 . 6 ° / 1 0 0  m  

( D e c k e r ,  1 9 7 6 ) .  

T e m p e r a t u r e  d a t a  f r o m  d e e p  d r i l l i n g  a r e  u s e d  i n  t h i s  

s t u d y  t o  d e t e r m i n e  i f  a n y  a r e a s  h a v e  a  h i g h  g e o t h e r m a l  

gradient. The maximum recorded temperature (BHT, HRT, or 

D S T )  a t  t h e  b o t t o m  o f  a  w e l l  m i n u s  t h e  m e a n  a n n u a l  a i r  

t e m p e r a t u r e  9 ° C  ( M a n s f i e l d ,  1 9 2 7 )  g i v e s  t h e  a c t u a l  

t e m p e r a t u r e  I n c r e a s e  a t  d e p t h .  T h i s  v a l u e  d i v i d e d  b y  t h e  

d e p t h  y i e l d s  t h e  t e m p e r a t u r e  g r a d i e n t  a t  t h a t  s i t e .  T h e  

l o c a t i o n  o f  1 2  w e l l s  i n  s o u t h e a s t e r n  I d a h o  a n d  t h e  

c a l c u l a t e d  g r a d i e n t  f o r  e a c h  a r e  s h o w n  o n  F i g u r e  V I  1  —  1 0 .  

F i g u r e  V I  1 - 1 1  s h o w s  t h e  g e o t h e r m a l  g r a d i e n t s  f o r  d e e p  h o l e s  

i n  s o u t h e a s t e r n  I d a h o  i n  c o m p a r i s o n  w i t h  M a n s f i e l d ' s  ( 1 9 2 7 )  

e s t i m a t e  a n d  t h e  w o r l d - w i d e  e s t i m a t e .  

T h e  g e o t h e r m a l  g r a d i e n t s  p r e s e n t e d  i n  F i g u r e s  V I 1 - 1 0  

a n d  V I  1 - 1 1  r a n g e  f r o m  1 . 9 ° C / 1 0 0  m  t o  6 . 1 ° C / 1 0 0  m .  T h r e e  

w e l l  s i t e s  I n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  a r e a  h a v e  

r e l a t i v e l y  h i g h  g r a d i e n t  v a l u e s  c o m p a r e d  t o  t h e  g r a d i e n t s  

d i s c u s s e d  e a r l i e r .  T h e s e  w e l l  l o c a t i o n s  a n d  t h e i r  

c a l c u l a t e d  g r a d i e n t s  a r e :  

K i n g  N o .  2 - 1 ,  T 2 S ,  R 4 1 E ,  2 a c a ,  5 . 3 ° C / 1 0 0  m ;  

B i g  E l k  M o u n t a i n  N o .  1 ,  T 2 S ,  R 4 4 E ,  2 3 d b ,  6 . 1 ° C / 1 0 0  m  

G e n t i l e  V a l l e y  N o .  1 - 9 ,  T 4 S ,  R 4 2 E ,  9 a a c ,  5 . 0 ° C / 1 0 0  m .  
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Figure VII-11 Bottom hole temperatures versus total depth and surface 
elevation in comparison to suggested geothermal gradients. 
(Assume mean annual air temperature of 9cC.) 



Further evaluation I s  needed to determine I t  these .ells 

penetrate a major geo+hermal system. 

A geologic log and a HRT log tor an Individual «ell are 

p r e s e n t e d  t o  s h o w  t h e  d i f f i c u l t y  I n v o l v e d  I n  d e t e r m i n i n g  I f  

a thrust zone In the study area has any Influence on the 

g e o t h e r m a  I  g r a d i e n t .  T h e  g e o l o g i c  l o g  a n d  H R T  l o g  o f  . e l l  

K i n g  N o .  2 - 1 ,  d r i l l e d  b y  A m e r i c a n  Q u a s a r ,  I s  p r e s e n t e d  I n  

Figure VI 1-12. The geologic log indicates a thrust fault at 

, 5 5 6  m .  T h e  H R T  l o g  d o e s  n o t  d e v i a t e  I n  a n y  d i s t i n c t  m a n n e r  

n e a r  t h e  f a u l t .  I n  t h i s  e x a m p l e .  I t  a p p e a r s  t h a t  t h e  

thermal gradient does not significantly vary near the fault 

z o n e .  T h i s  I m p l i e s  t h a t  t h e  t h r u s t  z o n e  I s  n o t  a  d i r e c t  

control for the geothermal system. 
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GEOLOGIC LOG 

formation depth in 
name meters 

Surface o 

GANNETT 218 — 

EPHRIAM 802 — 

STUMP 976 — 

PRUESS 1160 — 

- FAULT-

STUMP 1556 I 

PRUESS 1584- = 

TWIN CREEK 1829 

NUGGET 2608 — 

ANKAREH 2960 — 

WOODSIDE 3347! 

DINWOODY 3447 — 

WELLS 4022 — 
T» D. 4132 — 

gg0J0g^c  )og  ^  iog  o fwe i i  

321 



CHAPTER VIII 

C O N C L U S I O N S  

iX£ID ±il£ A n a  I  y s  I  s  f i l  J d ^ H Q f l £ Q j _ Q f l y  

M o s t  t h e r m a l  a n d  n o n - t h e r m a l  d i s c h a r g e s  a r e  c o n t r o l l e d  

b y  s t r u c t u r a l  f e a t u r e s  w i t h  s e c o n d a r y  c o n t r o l  b y  

s t r a t i g r a p h y .  

G r a b e n  b o u n d i n g  f a u l t s  a r e  m o s t  I m p o r t a n t  I n  c o n t r o l l i n g  

t h e r m a l  f l o w  s y s t e m s .  

T h r u s t  f a u l t s  d o  n o t  a p p e a r  t o  b e  p r i m a r y  c o n t r o l l i n g  

f e a t u r e s  f o r  t h e r m a l  f l o w  s y s t e m s .  T h e r m a l  s p r i n g s  a r e  

not located along surface traces of thrust faults; HRT 

l o g s  f r o m  o i l  a n d  g a s  t e s t  w e l l s  d o  n o t  s h o w  t h e r m a l  

a n o m a l i e s  w h e r e  t h r u s t  f a u l t s  a r e  I n t e r c e p t e d  a t  d e p t h .  

Irani £ C o n s  I  d e r a t  I  o n  s i  ± J a £  
T a b u  I a r  P h y s i c a l  a n d  C h e m I c I  D a t a  

T h e  t o t a l  d i s c h a r g e  o f  t h e r m a l  w a t e r s  w i t h i n  t h e  s t u d y  

a r e a  I s  q u i t e  s m a l l .  D i s c h a r g e s  o f  3 0 ° C  o r  m o r e  a m o u n t  

t o  a p p r o x i m a t e l y  5 0 0  l / s .  

T h e r m a l  s p r i n g s  w i t h  t e m p e r a t u r e s  g r e a t e r  t h a n  4 0 ° C  

d i s c h a r g e  f r o m  r e g i o n a l  t o p o g r a p h i c  l o w s .  

T h e r m a l  s p r i n g s  w i t h  t e m p e r a t u r e s  g r e a t e r  t h a n  5 0 ° C  a r e  

v e r y  d e p l e t e d  i n  c a l c i u m  a n d  b i c a r b o n a t e .  

322 



T h e r m a l  s p r i n g s  w i t h  t e m p e r a t u r e s  g r e a t e r  t h a n  5 0 ° C  a r e  

a s s o c i a t e d  w i t h  f a u l t s  o n  w h i c h  r e c e n t  m o v e m e n t  h a s  

o c c u r r e d .  

TDS values of greater than 40,000 mg/I found In oil well 

a n a l y s e s  p r o b a b l y  r e p r e s e n t  z o n e s  o f  e s s e n t i a l l y  s t a g n a n t  

w a t e r .  

£onc I.US-LaiLS from t h e  G r o u p  I  n g  A n a  I  y s e s  

G r a p h i c  a n d  s t a t i s t i c a l  a n a l y s e s  o f  t h e  m a j o r - I o n  d a t a  

e n a b l e d  t h e  d e l i n e a t i o n  o f  s e v e r a l  s t a t i s t i c a l  d i s t i n c t  

w a t e r  t y p e s  w h i c h  a r e  a s s o c i a t e d  w i t h  g e o g r a p h i c a l l y  

d i s t i n c t  a r e a s .  T h e s e  a r e :  

( a )  S o d  I  u r n  c h l o r i d e  w a t e r s  o f  t h e  S w a n  V a l l e y  t o  S t a r  

V a I  l e y  g r a b e n .  

( b )  C a l c i u m  b i c a r b o n a t e  w a t e r s  o f  t h e  M e a d e  P e a k  t h r u s t  

b l o c k  a n d  a d j a c e n t  a r e a s .  

( c )  S o d  I  u r n  c h l o r i d e  w a t e r s  o f  t h e  M a p l e  G r o v e  a r e a .  

( d )  H i g h  s o d i u m  c h l o r i d e  w a t e r s  o f  t h e  B a s i n  a n d  R a n g e  

p r o v i n c e .  

( e )  L o w  T D S  w a t e r s  f r o m  v a r i o u s  l o c a l e s  t h r o u g h o u t  t h e  

s t u d y  a r e a .  

D e u t e r i u m  a n d  o x y g e n - 1 8  r e s u l t s  i n d i c a t e  t h a t ,  w i t h  t h e  

e x c e p t i o n  o f  s i t e s  S - 1 3  a n d  S - 1 4 ,  a q u i f e r  t e m p e r a t u r e s  

a r e  n o t  s i g n i f i c a n t l y  a b o v e  8 0 ° C  I n  t h e  s t u d y  a r e a ;  a l s o ,  

t h a t  d i f f e r e n c e s  I n  r e c h a r g e  e l e v a t i o n  a r e  n o t  a p p a r e n t .  
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C a r b o n  I s o + o p e  a n a l y s e s  I n d i c a t e  t h a t  t h e  t h e r m a l  w a t e r s  

14 
o f  t h e  s t u d y  a r e a  w h i c h  w e r e  a n a l y z e d  f o r  C  h a v e  

u n d e r g o n e  c o n t a c t  t i m e s  I n  e x c e s s  o f  2 5 , 0 0 0  y e a r s  B . P .  

f o r  t h o s e  s p r i n g s  w h o s e  t e m p e r a t u r e s  a r e  g r e a t e r  t h a n  

2 5 ° C .  T h e  e x t r e m e l y  l o w  c o n c e n t r a t i o n s  o f  m o d e r n  c a r b o n  

I n  t h e  t h e r m a l  w a t e r s  a b o v e  2 5 ° C  I n d i c a t e  t h a t  

e s s e n t i a l l y  n o  m i x i n g  o f  w a t e r s  y o u n g e r  t h a n  s e v e r a l  

t h o u s a n d  y e a r s  h a s  o c c u r r e d .  

Cone I us I on s from ±Ji£ A n a  I  y s  I  s  c i  GePCheml cal 
Env I  ronments  o f  ThermaI  Ground  Mater 

T h e  t h e r m a l  s p r i n g s  t h a t  d i s c h a r g e  a l o n g  t h e  w e s t  s i d e  o f  

t h e  S w a n  V a l l e y  t o  S t a r  V a l l e y  g r a b e n  a r e  c h a r a c t e r i z e d  

b y  w a t e r  o l d e r  t h a n  2 5 , 0 0 0  y e a r s  B . P .  T h e s e  f l o w  

s y s t e m s  a p p e a r  t o  b e  r e c h a r g e d  I n  t h e  C a r i b o u  R a n g e .  

T h e  s a l i n e  n a t u r e  o f  t h e  w a t e r  m a y  b e  a  r e s u l t  o f  

c o n t a c t  w i t h  t h e  s a l t  b e d s  I n  t h e  P r u e s s  o r  G y p s u m  

S p r i n g s  f o r m a t i o n s .  

T h e  t h e r m a l  s p r i n g s  a n d  w e l l s  o f  t h e  M e a d e  P e a k  t h r u s t  

b l o c k  a n d  a d j a c e n t  a r e a s  a r e  c h a r a c t e r i z e d  b y  c a l c i u m  

b i c a r b o n a t e  w a t e r s  w i t h  a q u i f e r  t e m p e r a t u r e s  o f  l e s s  t h a n  

8 0 ° C  a n d  s u r f a c e  t e m p e r a t u r e s  o f  l e s s  t h a n  4 5 ° C .  G r o u n d  

w a t e r  a g e s  I n  t h i s  a r e a  r a n g e  f r o m  1 2 , 0 0 0  t o  g r e a t e r  t h a n  

2 5 , 0 0 0  y e a r s  B . P .  T h e s e  w a t e r s  d i s c h a r g e  a l o n g  g r a b e n  

b o u n d i n g  f a u l t s  t o  t h e  w e s t  o f  t h e  M e a d e  P e a k  b l o c k .  
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L a r g e  a m o u n t s  o f  C O ^  a r e  e v o l v e d  b y  s o m e  o f  t h e s e  

s p r i n g s .  

T h e  s o d  I  u r n  c h l o r i d e  t h e r m a l  s p r i n g s  o f  t h e  M a p l e  G r o v e  

a r e a  a r e  o l d  g r o u n d  w a t e r s  w h i c h  d i s c h a r g e  n e a r  t h e  

s o u t h e r n  e n d  o f  t h e  G e m  V a l l e y  n e a r  t h e  I n t e r s e c t i o n  o f  

t w o  g r a b e n - b o u n d I n g  f a u l t  s y s t e m s .  M a x i m u m  a q u i f e r  

t e m p e r a t u r e  f o r  t h e s e  s p r i n g s  a p p e a r s  t o  b e  a b o u t  8 0 ° C .  

T h e  t h e r m a l  s p r i n g s  o f  t h e  B a s i n  a n d  R a n g e  v a l l e y s  

t r i b u t a r y  t o  t h e  G r e a t  S a l t  L a k e  a r e  h i g h l y  s a l i n e  a n d  

1  Q  
t h e i r  c h e m i s t r y  I s  d o m i n a t e d  b y  s o d i u m  c h l o r i d e .  D /  0  

r e s u l t s  I n d i c a t e  t h a t  t h e  w a t e r  f r o m  t w o  t h e r m a l  

o c c u r r e n c e s  I n  t h e  n o r t h e r n  C a c h e  V a l l e y  h a v e  b e e n  

h e a t e d  a b o v e  8 0 ° C .  A l l  o f  t h e s e  s p r i n g s  a r e  a s s o c i a t e d  

w i t h  r e c e n t  e x t e n s l o n a l  f a u l t i n g .  

T h e  t h e r m a l  w a t e r s  o f  t h e  B a s i n  a n d  R a n g e  v a l l e y s  

t r i b u t a r y  t o  t h e  S n a k e  R i v e r  h a v e  m u c h  l o w e r  T D S  v a l u e s  

t h a n  t h e  o t h e r  B a s i n  a n d  R a n g e  w a t e r s .  T h i s  m a y  b e  

I n d i c a t i v e  o f  s h o r t e r  c o n t a c t  t i m e s .  T h e s e  s p r i n g s  a r e  

a l s o  a s s o c i a t e d  w i t h  r e c e n t  e x t e n s I o n a I  f a u I t I n g .  

W i t h  v e r y  f e w  e x c e p t i o n s  t h e  B a s i n  a n d  R a n g e  t h e r m a l  

o c c u r r e n c e s  a r e  s a t u r a t e d  o r  s u p e r s a t u r a t e d  w i t h  r e s p e c t  

t o  t a l c  a n d  t r e m o l l t e ,  p r o b a b l y  I n d i c a t i n g  t h e  h i g h e r  

s i l i c a  c o n c e n t r a t i o n s  a n d  h i g h e r  a q u i f e r  t e m p e r a t u r e s  o f  

t h e s e  f l o w  s y s t e m s .  
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